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have  been  overlooked  in  cabinet 


Molded  for  radio  cabinets  of  un¬ 
usual  and  really  beautiful  de>i^n8 
a|i|M‘ar  to  bt*  unliinit(‘d.  There  is 
the  further  advanta<'e  that  these 
cabinets,  when  (jiiantities  are  .suflie- 
ienlly  large,  may  be  prodaeetl  most 
economically.  We  would  1m‘  glad 
indeed  to  discuss  these  |Missibi!ities 
with  radio  manufaeturers,  and  to  co¬ 
operate  with  them  if  this  is  desired. 

W  rite  for  a  eopyof  our  illustrated 
Booklet  13M,  "Bakelile  Molded”. 


IE  BEAUTY  of  Oriental  desisns 


has  alwavs  had  a  strong  attrae- 

J  o 


design.  For  this  reason  we  offer  a 


suggestion  distinctly  Chinese  in  mo¬ 
tif,  which  when  formed  of  colored 
Bakelite  Molded  would  strongly 
resemble  lae(|uerware.  We  picture 
this  design  in  green,  but  it  would 
be  equally  attractive  if  formed  of 
Bakelite  Molded  in  Mandarin  red, 
accented  in  black,  or  in  lustrous 
black,  accented  in  red  or  green. 

The  possibilities  for  Bakelite 
k  Avenue,  New  York,  N.Y . 


tion  for  Occidentals.  This  is  evi¬ 
denced  by  the  popularity  of  rugs, 
furniture,  porcelains  and  lacquer- 
ware  from  the  Far  East.  A  century 
ago  a  number  of  Chippendale’s  de¬ 
signs  were  inspired  by  Chinese  w  ork, 
and  this  also  is  true  of  many  of  the 
creations  of  our  modern  designers. 

It  would  appear  that  the  inspira¬ 
tional  possibilities  of  Chinese  art 
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A  new  electronics 

to  meet  expanding  field 


ADOPJ  KJN  of  the  electron  tube  by  industry  continues  at  an  acceler¬ 
ating  pace.  New  tubes,  new  research,  new  industrial  experience 
indicates  that  this  pace  will  continue.  It  Is  freely  predicted  that 
the  next  two  years  will  see  greater  tlevelopments  based  completely  upon 
the  vacuum  tube  than  have  occurred  during  the  past  rive  years. 

ELFA'TROS ICS  has  pioneered  this  industry  from  its  very  inception.  It 
has  constantly  led  in  the  thinking  which  has  resulted  in  so  many  of  its 
amazing  developments.  This  acknowledged  leadership  now  imposes  new 
responsibilities,  if  engineers  are  to  be  kept  fully  informed  of  the  progress 
of  the  art. 

ELECT ROSi ICS,  therefore,  will  appear  in  September  in  a  new  and 
greatly  expanded  form.  It  will  have  a  new  dress,  more  pages  and  per¬ 
form  a  vastly  improved  service  to  communication  and  industrial  users  of 
the  electron  tube. 

THF  paper  will  be  edited  by  Keith  Henney,  member  of  the  staff 
since  the  first  issue,  April,  1930.  His  association  with  the  radio 
industry  as  editor  and  author  since  1925  have  made  him  well  knowm 
to  the  entire  radio  industry.  His  most  recent  book,  “Electron  Tubes  in 
Industry,”  has  brought  him  intimate  knowledge  of  the  multitudinous  tasks 
now’  performed  by  electrons  in  motion.  His  own  plans  are  discussed  on 
a  following  page. 
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A  NEW  ADVENTURE  IN  ELECTRONICS 

...  an  editorial  announcement  . . . 


SEPTEMBER  marks  the  beginning  of 
a  new  phase  of  the  adventure  in  which 
publisher,  editor  and  reader  of  Elec¬ 
tronics  have  had  shares  since  the  first  issue, 
April,  1930. 

At  that  time,  over  five  years  ago,  the 
editors  visioned  a  paper  which  would  “bring 
about  a  community  of  interest  on  the  part 
of  engineers  and  executives  in  the  industries 
based  upon  the  thermionic  tube.”  These  in¬ 
dustries  were  radio  broadcasting,  the  manu¬ 
facture  of  radio  tubes  and  receivers,  wire 
and  space  communication.  But  there  was  a 
broader  vision.  The  electron  tube  which 
could  originate  and  make  possible  broad¬ 
casting,  which  could  so  completely  dominate 
long  distance  communication  might  conquer 
other  fields.  In  industry  it  might  find  jobs 
which  would  not  remotely  resemble  its  func¬ 
tions  in  communication. 

The  electron  tube  was  to  be  a  new  tool; 
it  was  to  play  a  new  role;  and  its  stage  was 
to  be  all  industry. 

In  these  five  years  Electronics  has  kept 
radio  engineers  abreast  of  their  own  art. 
And  the  original  vision  of  new  uses  for  the 
Aladdin’s  lamp  of  the  popular  radio  writers 
has  been  realized,  partially  at  least.  For  all 
industry  has  become  conscious  of  the  power 
of  a  moving  stream  of  electrons.  Largely 
through  the  medium' of  a  single  publication. 
Electronics,  industrial  men  have  learned  the 
new  concept  of  the  usefulness  of  a  beam  of 
light,  not  to  see  by,  but  to  be  put  to  work, 
controlling  heavy  machinery,  saving  life  and 
limb  and  property.  The  paper  has  told  of 
this  fascinating  adventure  in  which  were  en¬ 
gaged  all  engineers  who  make  and  use 
vacuum  tubes. 

The  editors  have  flattered  themselves  that 
they  have  been  successful,  if  anything  can  be 
read  into  the  fact  that  such  a  very  high  per¬ 
centage  of  their  readers  annually  renew  their 
subscription  to  the  paper.  Editors  and  pub¬ 
lishers  alike  have  been  proud  that  so  many 


readers  boast  of  having  complete  files  of 
back  copies,  of  the  continual  demand  from 
all  over  the  world  for  issues  long  out  of 
stock,  of  the  readers  who  state  that  they  are 
“charter  subscribers.”  All  of  these  intlica- 
tions  of  continued  interest  are  pleasant  ami 
encouraging.  Apparently  the  paper  has 
been  on  the  right  track. 

But  the  electron-tube  industries  expand; 
changes  come  rapidly  as  tube  engineers  ex¬ 
tend  their  grasp  of  industrial  problems;  as 
industry,  in  turn,  learns  of  the  limitless  pos¬ 
sibilities  of  the  tube.  Radio  stands  at  the 
border  of  a  new  domain,  that  of  microwaves. 
On  present  frequencies,  engineers  promise 
tremendous  changes,  soon.  Television  ap¬ 
proaches  its  day  of  commercial  birth. 

And  the  paper.  Electronics,  must  grow 
with  its  field.  It,  too,  must  expand  or  find 
itself,  like  other  publications,  covering  only 
a  small  portion  of  the  electron-tube  art. 

N  SEPTEMBER  the  publishers  of 
Electronics  again  take  a  forward  step, 
like  that  in  1930  when  the  paper  was 
founded.  In  September  the  editors  will  put 
before  the  reader  a  new  version  of  Elec¬ 
tronics,  expanded  in  size,  in  editorial  con¬ 
tent,  in  longer  articles,  in  better  coverage 
of  radio,  of  broadcasting,  of  set  design,  of 
the  application  of  the  electron  tube  to  count¬ 
ing,  sorting,  to  control  of  electrical,  mechan¬ 
ical  or  chemical  processes.  The  paper  will 
look  better,  it  will  be  more  readable,  it  w'ill 
be  on  better  paper,  it  will  be  better  inter¬ 
preted.  Charts,  long  a  tradition  of  the  paper, 
will  appear  in  greater  numbers.  There  will 
be  more  color,  more  industry  news.  In 
short.  Electronics  will  perform  a  vastly  bet¬ 
ter  service  than  has  been  possible  in  the  past. 

In  the  past  five  years  many  suggestions 
have  come  from  readers,  suggestions  which 
are  always  welcome  by  the  editors,  who 
hope  the  reader  will  continue  to  contribute 
to  this  enlarged  adventure  in  electronics. 
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Ultra-high  frequency 

ANTENNA  TERMINATIONS 


By  W.  C.  TINUS 

Bell  Tclephout'  lAihoratoncs,  Inc. 
Nnv  York  City 


—  using  concentric 


ines 


TKAXSM  ISSK  )X  lines  are  widely  used  tor  effi¬ 
ciently  transferrinj,'  eneri,'y  between  radio  antennas 
:ind  the  associated  radii >  transmitters  or  receivers. 
Their  use  makes  it  jMissihle  to  locate  the  antenna  where 
it  will  lie  the  most  effective,  and  to  locate  the  eiiuipment 
where  it  is  conveniently  accessible  tor  o]»eration  and 
maintenance. 

The  ultra  lnT,di  frequency  hand,  usually  considered  as 
.V)  to  .VK)  megacycles,  is  ra])idly  heinj^  jmt  to  jiractical 
use.  In  the  desii^n  of  transmission  lines  for  use  in  this 
hand,  an  important  feature  of  ultra  hi^h  frequency  an¬ 
tennas  must  Ik*  taken  into  consideration.  TTiis  feature 
is  that  the  antenna  can  nearly  always  he  made  a  pure 
resistance  at  the  o]K*ratin<^  frequency  without  the  use  of 
tuniii};  coils  or  conden.sers.  T  his  desirable  circumstance 
is  due  to  the  fact  that  these  very  hij,di  frequencies  cor¬ 
respond  to  .short  wave  leni^ths.  making  it  feasible  to  use 
an  antenna  comparable  in  dimensions  with  the  wave 
length. 

Properties  of  ultra-high  frequencies 

IWfore  de.scrihing  the  liK'ation  of  an  antenna  for  these 
very  short  waves,  it  is  well  to  di.scuss  some  of  the  jirop- 
erties  of  the  waves  them.selves.  They  are  not  rellected 
from  the  ujqK'r  atmosphere  as  lower  frequency  waves 
arc.  and  their  use  must  tlK*refore  deiK*nd  entirely  on 
what  is  usually  called  the  direct  or  ground  rays.  These 
rays  are.  however,  reflected  from  the  ground  itself  and 
from  all  conducting  surfaces  which  are  large  compared 
with  the  wavelength.  In  a  city  such  rays  encounter 
many  metal  obstructions  in  their  ])ath  and  are  scattered 
in  all  directions. 

Short  radio  waves  arc  frequently  com])ared  to  light, 
since  they  exhibit  similar  ]>ro]K“rties  of  reflection,  refrac¬ 
tion,  and  interference.  Light  waves  are  extremely  minute 
in  length  compared  with  familiar  objects,  however.  A 
useful,  though  inexact,  analogy  can  he  drawn  as  follows: 
('onsider  an  ultra-high  frequency  transmitting  antenna 
as  a  brilliant  light.  Suppose  it  is  desired  to  illuminate 
an  entire  city  from  this  one  .source.  SupjMKse  further, 
that  all  conducting  .surfaces  iti  the  citv  (the  ground,  all 
steelwork,  etc.)  are  mirrors.  Xow  where  should  the  one 
light  be  placed?  Obviously,  near  the  center  of  the  city, 
at  as  high  a  jioint  as  jxis.sihle,  with  no  reflecting  surfaces 
very  near  it. 

From  the  foregoing,  it  can  be  assumed  that  an  ultra- 
high  frequency  antenna  should  he  placed  in  a  high  unob¬ 
structed  position ;  for  example,  on  the  highest  building 
or  other  structure  near  the  center  of  the  area  to  he  cov¬ 
ered.  High  buildings  are  usually  equipj^ed  with  steel 
flagpoles,  and  the  most  desirable  location  for  the  antenna 
is  above  the  top  of  the  flagpole.  The  mechanical  struc¬ 
ture  of  the  antenna,  the  line  leading  to  it,  and  the  coup¬ 


ling  means,  must  therefore  he  as  simple  as  iKtssihle 
lK“cau.se  they  will  he  subjected  to  high  winds  and  will 
not  he  easily  accessible  for  repairs. 

Parallel  and  concentric  transmission  lines 

.\n  ideal  transmission  line  might  l)e  defined  as  a  litie 
carrying  energy  in  one  direction  without  reflection  at  the 
ends,  and  therefore  havitig  no  standing  waves  upon  it. 
Such  a  line  transfers  energy  efticiently  at  a  uniform 
voltage  level.  In  order  to  oiK*rate  in  this  manner  the  line 
must  he  loaded  at  the  end  with  a  pure  resistance  equal 
in  magnitude  to  the  characteristic  impedance  of  the  line. 
This  impedance  is  usually  termed  Z„.  Its  value  is  the 
.same  for  all  radio  freiiuencies  for  a  particular  size  and 
type  of  line. 

For  two  wire  lines.  Z„  rr  27(i  logj,,  d/r  ohms,  where  d  is 
the  distance  between  centers,  and  r  is  the  radius  of  the 
wires. 

For  concentric  lines,  Z„  =  138  logi,,  ohms,  where 
ri  is  the  inner  radius  of  the  outer  conductor,  and  r.  is 
the  outer  radius  of  the  inner  conductor. 
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Fig.  1.  Transmission  lines  and  antenna  structures. 
A,  B,  and  C  are  70  ohm  type  concentric  transmission 
lines.  D  is  a  half-wave  rod  matched  to  the  line 
by  means  of  a  parallel-wire  transformer  section, 
while  E  is  a  quarter-wave  rod  coupled  directly  to  a 
concentric  feeder 
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When  these  formulas  are  solved  it  is  found  that,  con¬ 
sistent  with  practical  dimensions,  a  two-wire  line  can  he 
designed  with  a  Zo  of  from  about  400  to  700  ohms,  and 
a  concentric  line  wdth  a  Zo  of  from  about  10  to  150  ohms. 
Some  of  the  possible  methods  of  connecting  transmission 
lines  to  antennas  will  now  be  discussed. 

Fig.  2-A  illustrates  an  antenna  one-quarter  of  an  elec¬ 
trical  wavelength  long,  located  perpendicular  to  a  con¬ 
ducting  ground.  The  electrical  properties  of  antennas 
of  this  type  are  investigated  theoretically  in  standard 
texts,  wherein  it  is  assumed  that  the  antenna  current 
varies  sinusoidally  in  magnitude  along  the  antenna,  as  is 
indicated  by  dotted  curves  in  the  accomjianying  figures. 
The  analysis  is  complicated  but  the  conclusion  is  quite 
simple.  The  impedance  of  such  an  antenna,  measured 
between  its  lower  end  and  ground,  is  a  pure  resistance 
of  approximately  35  ohms. 

The  antenna  of  Fig.  2-A  may  be  connected  to  the  end 
of  a  line  as  shown.  If  the  characteristic  impedance  of 
the  line  is  also  approximately  35  ohms,  the  line  will  l)e 
properly  terminated.  This  case  demands  the  use  of  a 
concentric  line  because  a  two-wire  line  cannot  be  de¬ 
signed  with  such  a  low  Zo. 

A  method  of  using  lines  of  various  impedances  is  illus¬ 
trated  in  Fig.  2-B.  The  line  is  terminated  in  shunt  with 
a  portion  of  the  antenna  and  the  load  on  the  line  can  be 


Fig.  2.  A.  Quarter-wave  antenna  terminated  at 
ground  plane.  B.  Terminated  between  ground  and 
point  increasing  termination  resistance 


adjusted  by  moving  the  connecting  point  A'.  Exj)eri- 
ments  indicate  that  a  70-ohm  line  is,  for  practical  pur- 
jx)ses,  correctly  terminated  with  X  about  one- fourth  the 
way  up  the  antenna. 

The  methods  illustrated  in  Figs.  2-A  and  2-R  can  be 
used  in  installations  wherever  something  approximating 
a  conducting  ground  plane  is -present.  In  many  cases 
there  is  no  efiPective  ground  plane,  and  it  is  necessary  to 
use  a  half-wave  antenna  as  illustrated  in  Figs.  3-A  and 
3-B.  A  half-wave  antenna  may  be  regarded  simply  as 
two  quarter-w'ave  antennas  in  series,  each  supplying  a 
ground  for  the  other.  The  series  resistance  at  the  center 
is  therefore  2  X  35,  or  70  ohms.  The  connection  shown 
in  Fig.  3-A  requires  a  concentric  line  with  a  Z,  of  70 
ohms.  In  Fig.  3-B,  the  shunt  connection  is  used  and 
lines  of  various  Zo  may  be  used  by  making  the  connec¬ 
tions  X  at  the  proper  distance  either  side  of  the  center. 

The  simple  antennas  just  discussed  do  not  produce 
any  signal  in  the  direction  of  their  axes.  Hence,  if  one 
desires  an  installation  to  operate  equally  well  in  all  hori¬ 
zontal  directions,  it  is  necessary  to  use  a  vertical  antenna. 
The  vertical  antennas  of  Figs.  3-A  and  3-B  will  work 
very  well  if  the  lines  driving  them  are  extended  aw-ay, 
approximately  perpendicular  to  the  antenna,  for  some 
distance  before  they  are  brought  down.  This  would 
involve  a  difficult  mechanical  problem  in  the  case  of  an 
antenna  on  top  of  a  flagpole.  It  appears  desirable. 


therefore,  to  find  a  satisfactory  method  of  driving  a 
vertical  half-wave  antenna  from  the  lower  end  in  order 
that  the  line  will  not  distort  the  horizontal  field  pattern. 

The  70-ohm  half-wave  section 

Antenna  theory  shows  that  the  series  inqx^dance  of  a 
half-wave  antenna  is  a  pure  resistance  at  any  point  along 
its  length.  It  has  a  value  of  70  ohms  at  the  center  as 
previously  mentioned.  At  any  other  point  it  would  be 
e.xpected  to  have  a  series  resistance  of  70  divided  by  tbe 
s(|uare  of  tbe  ratio  of  tbe  current  at  that  point  to  tbe 
current  at  the  center.  For  example,  at  a  point  two-thirds 
of  the  way  from  the  center  to  one  end,  the  current  (with 
the  sinusoidal  distribution  assumed)  is  one-half  the  value 
of  the  current  at  the  center.  The  series  resistance  mea¬ 
sured  at  this  point  should  therefore  be  4  X  70,  or  280 
ohms.  At  the  extreme  end  the  current  is  assumed  to  be 
zero  and  a  similar  calculation  would  give  an  infinite 
resistance.  This  theoretical  end-condition  cannot  occur 
in  an  actual  antenna,  the  explanation  Ixfing  that  the  cur¬ 
rent  distribution  departs  somewbat  from  tbe  sinusoidal 
form  assumed.  In  particular  the  current,  although  small, 
cannot  In,'  zero  at  one  end  of  a  half-wave  antenna  which 
is  connected  to  a  line  delivering  jwwer  to  the  antenna. 

If  it  were,  the  voltage  at  this  |X)int  would  have  to  be 
infinite.  Exjierimental  work  indicates  that  tbe  inijK*- 
dance  between  the  end  and  a  ]K)int  near  it  acts  much  as 
if  it  were  a  resistance  with  a  magnitude  r»f  the  order  of 
several  thousand  ohms. 

(ffie  metlKHl  of  driving  half-wave  antennas  at  the 
end  has  been  used  for  many  years  in  amateur  and  com¬ 
mercial  installations,  and  is  illustrated  in  Fig.  3-C.  The 
end  of  the  antenna  is  simply  connected  to  one  side  of  a 
two-wire  line  and  the  other  side  of  tlie  line  is  left  oj^n. 
In  the  usual  case,  the  two-wire  line  leading  down  to  the 
equipment  has  dimensions  giving  it  a  Z,  of  the  order  of 
500  ohms.  .At  point  A,  therefore,  the  line  is  loaded  with 
much  too  high  a  resistance  for  projier  termination  and 
standing  waves  exist  on  the  line  as  shown  in  the  figure. 
Xow  suppose  the  line  were  cut  at  7?  and  the  inqiedance 
looking  toward  the  antenna  were  measured.  Since  the 
currents  are  large  at  this  |)oint,  it  would  be  ex])ected 
that  the  imix*dance  would  l>e  low.  Actually  it  is  prob¬ 
ably  less  than  100  ohms  and  much  too  low  to  ])roi)erl\ 
terminate  the  line  1k*1ow  />’.  Hence  the  standing  wavc'^ 
continue  all  the  way  down  the  line  to  tlie  e(|uii)ment. 
The  line  in  Fig.  3-C  is  not  a  true  transmission  line  and 
is  more  proi)erly  called  a  feeder. 

The  concentric  type  of  feeder  illustrated  in  Fig.  3-D 
is  a  form  that  can  easily  be  made  .self-supporting  and 
has  been  used  because  of  its  mechanical  simplicity.  Such 
feeders  have,  however,  some  serious  limitations.  The 
presence  of  standing  waves  means  that  a  relatively  high 
voltage  exists  across  the  line  conductors  every  half  wave¬ 
length.  If  the  line  is  very  long,  a  large  part  of  the 
energy  may  l)e  consumed  by  dielectric  losses.  Also,  if 
the  line  is  required  to  transmit  much  power  the  diameter 
must  l)e  large  to  prevent  flashover  at  the  high  voltage 
points. 

A  number  of  attempts  have  l)een  made  to  find  a  satis¬ 
factory  method  of  driving  an  antenna  from  the  lower 
end  with  a  true  tran.smission  line,  and  still  retain  a  very 
simple  mechanical  structure  at  the  top.  One  form  is 
shown  in  the  photograph  of  Fig.  1-E,  which  is  supposed 
to  operate  the  same  as  the  antenna  of  Fig.  2-A.  The 
outer  line  conductor  is  a  24-inch  steel  conduit  and  the 
inner  conductor  a  1^-inch  duralumin  tube.  Tbe  inner 
conductor  extends  through  an  insulator  at  the  top  for  a 
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Fig.  3.  A.  70-ohin  half-wave  antenna  terminated 
at  center.  B.  Terminated  by  parallel  feeders. 

Both  A  and  B  types  require  feeders  at  right-angles 
to  antenna.  C.  “Zeppelin”  feeder  system,  using 
parallel  feeders.  D.  Zepptelin,  using  concentric 
feeder  system 

([uartcr  waveleiij^th  to  form  the  antenna.  The  three  fjuy 
wire.s  arc  intended  to  serve  as  the  required  t;r<tund  plane. 
While  this  form  of  antenna  is  useful  in  some  low  power 
applications  where  the  short  lyitenna  is  desirable,  actually 
the  ground  i)lanc  is  so  inetfective  that  large  standing 
waves  exist  on  the  line,  hdectrically,  it  is  little  improve¬ 
ment  over  the  half-wave  tyjK*  of  Fig.  3-1). 

Impedance  transforming  sections 

.Another  metluxl  has  been  devised  which  is  far  sujk.'- 
rior  to  the  one  just  dcscril)ed.  It  dej>ends  on  the  impe- 
ilance  transforming  pro]>erty  of  sections  of  line.  The 
a])plication  of  this  principle  to  the  matching  of  antenna 
and  line  im|H*<lances  has  l)een  discussed  in  the  literature, 
and  will  lx.*  reviewed  briefly  here.  In  Fig.  4-.\  is  shown 
a  half-wave  section  of  line  having  the  characteristic  im¬ 
pedance  Z,o  and  terminated  at  the  left  end  in  7.\.  If  the 
imi)edance  is  measured  looking  into  the  right  end  of  the 
line,  it  is  found  that  Zo  =  Zi.  F'ig.  4-B  shows  a  similar 
situation  with  a  quarter- wave  section  of  line.  In  this 
case 

7\ 

These  e<juations  mean  that  the  half-wave  line  is  a  1  to 
1  transformer,  and  the  quarter-wave  h'ne  a  v-ariahle  ratio 
transformer,  in  which  the  ratio  is  determined  by  Z,/. 
This  is  a  convenient  and  efficient  type  of  transformer 
for  use  at  radio  frequencies. 

Fig.  4-C  illustrates  an  application  of  a  quarter-wave 
transformer  section  which  reduces  the  antenna  resistance 
of  several  thou.sand  ohms  down  to  70  ohms  for  terminat¬ 
ing  a  concentric  line.  An  interesting  feature  is  that  at 
l>oint  A  it  does  not  matter  which  side  of  the  transfonner 
action  is  connected  to  the  outer  conductor  of  the  line, 
which  of  course  is  grounded  to  the  flagpole  or  other  sup- 
port.  It  is  connected  as  shown  in  order  that  the  highe.st 
point  of  the  structure,  the  antenna  itself,  is  simply  an 
extension  of  the  flagjKjle.  This  is  important  because 
ultra  high  frequency  antennas  in  gcxxl  locations  are 
necessarily  exposed  to  lightning. 

The  mechanical  problems  in  designing  a  practical 
.''tructure  like  Fig.  4-C  are  interesting,  being  most  dif- 
iicult  at  the  lowest  frequencies.  At  30  megacycles,  the 
total  height  of  the  structure  above  the  support  is  over 
20  feet.  In  order  to  be  self-supporting  the  tapered  rod 
comprising  the  antenna  itself  and  one  side  of  the  trans¬ 
former  section  must  be  at  least  1^  inches  in  diameter 


at  A.  It  must  be  very  securely  mounted  on  the  flagpole. 
F'or  the  typical  case  of  a  70-ohm  line,  the  Zo  of  the  trans¬ 
former  .section  must  be  about  450  ohms.  If  a  large  rod 
were  also  used  for  the  other  side  of  the  transformer 
.section,  the  s])acing  required  for  a  Zo  of  450  would 
be  imj)ractically  large.  To  get  aremnd  this  difficulty,  a 
small  wire  spaced  about  10  inches  from  the  rod  is  used, 
and  is  supix)rted  by  insulators  mounted  on  the  rod.  In 
l)ractice,  the  dimensions  of  the  antenna  and  transformer 
are  not  critical,  and  a  structure  designed  for  a  particular 
fre(iuency  will  oj^rate  satisfactorily  over  a  band  extend¬ 
ing  several  per  cent  on  each  side  of  that  frequency. 

Types  of  concentric  lines 

An  actual  installation  for  30.1  megacycles  is  shown 
in  the  jihotograph  of  Fig.  1-1).  This  antenna  is  on  a 
100- foot  fl.'igi)ole,  and  is  f)00  feet  above  the  street.  The 
70-ohm  concentric  line  is  |  inch  in  diameter,  and  is  run 
up  inside  of  the  flagjxile  in  order  not  to  interfere  with 
flag  sheaves  which  are  mounted  on  a  swivel  just  below 
the  antenna.  The  outer  conductor  of  the  line  and  the 
antenna  rod  are  grounded  to  the  pole.  The  inner  line 
conductor  is  brought  through  a  tube  and  insulator  to  the 
small  wire  forming  one  side  of  the  transformer  section. 
This  installation  has  withsto(xl  high  winds  and  is  en¬ 
tirely  satisfactory  mechanically.  It  is  also  a  very  effi¬ 
cient  radiator.  The  ^  inch  line  used  is  shown  in  Fig. 
1-A.  This  size  line  will,  when  proj^erly  terminated, 
handle  several  kilowatts  and  the  loss  at  30  megacycles 
is  only  about  2db  jx?r  thousand  feet. 

Two  other  types  of  line  are  also  shown  in  Fig.  1. 
The  ^  inch  size  ( 1-H)  is  suitable  for  receivers,  or  trans¬ 
mitters  up  to  100  watts,  and  has  a  loss  at  30  megacycles 
of  about  H  db  ])er  tlxmsand  feet.  Both  of  these  lines  are 
insulated  with  low-loss  ceramic  bead  spacers  which  are 
held  in  jdacc  by  deforming  the  inner  conductor  slightly 
either  side  of  each  bead.  At  1-C  is  shown  a  piece  of 
W.E.  No.  700  cable.  This  type  is  rubber  insulated  and, 
although  designed  for  use  in  the  broadcast  band,  has 
been  found  u.seful  at  ultra  high  frequencies  when  very 
short  lengths  are  required.  It  has  a  loss  at  30  mega¬ 
cycles  of  about  25  db  per  1000  feet.  All  three  have  a 
V.„  of  about  70  ohms. 


Fig.  4.  One-to-one  line  transfonner,  composed  of 
a  half-wave  section.  B.  Variable  ratio  transformer, 
of  quarter  wavelength.  C.  Use  of  quarter  wave 
transformer  for  matching  concentric  line  to  end 
of  half-wave  section 
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Crystal  microphone 
design  for  single¬ 
direction  pickup 


By  A.  L.  WILLIAMS 
and  J.  P.  ARNDT 

The  Brush  Development  Company 
Cleveland,  Ohio 


Most  every  engineer  in  the  field  of  acoustics  has 
at  some  time  or  other  felt  a  great  need  for  a  truly 
uni-directional  microphone.  In  motion  picture 
sound  recording,  camera  clicks  and  background  noise  are 
among  the  serious  problems  to  be  contended  with.  In  re¬ 
mote  broadcast  pickups,  audience  and  other  background 
noises  together  with  lack  of  acoustic  treatment  make  uni¬ 
directional  microphones  highly  desirable.  The  studio  en¬ 
gineer  has  many  problems  that  would  be  eased  by  a  micro¬ 
phone  with  a  “one  sided”  pickup  and  the  life  of  the  P.  A. 
man  would  be  simpler  if  he  could  obtain  a  good  microphone 
with  less  feed  back  tendency. 

Some  of  the  older  type  microphones  using  relatively 
large  diaphragms  such  as  the  carbon  and  condenser  type 
have  been  found  to  be  somewhat  directional  but  afford 
very  little  help  for  the  above  problems  because,  as  shown 
by  Ballantine,^  their  directional  properties  were  marked 
only  at  the  higher  frequencies,  with  consequent  wave  dis¬ 
tortion  for  directions  not  normal  to  the  diaphragm.  At¬ 
tempts  to  shield  one  side  of  a' microphone  with  baffles  re¬ 
sulted  in  the  same  form  of  distortion. 


Fig.  1.  (A)  The  combination  of  a  bi-directional  re¬ 
sponse  with  a  non-directional  one  to  produce  a  uni¬ 
directional  resultant.  (B)  Polar  response  curve  of  the 
microphone  described  in  this  article,  showing  the 
actual  result  obtained  from  the  principle  shown  in  (A) 


The  ribbon  microphone  has  been  widely  recommended 
as  an  aid  in  the  above  prt)blems  but  in  many  cases  its 
response  to  sound  waves  arriving  at  the  back  has  been 
a  serious  drawback,  and  its  narrow  pickup  field  is  often 
a  real  disadvantage.  Olson  and  Massa“  have  shown  that 
by  combining  the  bi-directional  pro^x^rties  of  a  pressure 


Fig.  2.  (A)  The  construction  of  the  crystal  structure, 
whose  action  is  described  in  the  text.  (B)  Audio 
response  curves  of  the  microphone  and  amplifier 


gradient  microphone  with  the  non-directional  ])roix.“rties 
of  a  pressure  oi>erated  microphone,  uni-directional  re¬ 
sponse  may  be  obtained;  and  they  illustrate  a  ribboft 
microphone  performing  both  functions. 

The  response  of  a  bi-directional  micro|>hone  is  illus¬ 
trated  at  B  in  Fig.  1-A  and  the  resi)onse  of  a  non-direc¬ 
tional  microjihone  is  illustrated  at  .V  in  the  same  figure. 
For  a  given  sound  wave  impulse  the  polarity  of  a  bi-direc¬ 
tional  microphone  depends  on  which  side  of  the  micro¬ 
phone  is  facing  the  sound  wave,  while  the  jM)larity  of  a 
non-directional  microphone  is  independent  of  dirtH-'tion. 
Thus  it  can  be  seen  that  a  bi-<lirectional  and  a  non-direc¬ 
tional  microphone  may  be  combined  to  have  the  directional 
characteristics  shown  at  U  in  Fig.  l-.\.  h'or  .sound  waves 
arriving  from  a  direction  normal  to  the  front  of  the  com¬ 
bination  microphone  the  two  outputs  add,  and  for  .sound 
waves  from  the  back  the  two  outputs  cancel. 

A  recently  announced  uni-directional  microphone®  em¬ 
bodies  a  novel  combination  of  small  pressure-operated 
crystal  sound  cells  to  obtain  the  results  illustrated  in  Fig. 
1-A.  The  microphone  is  so  arranged  that  the  bi-directional 
section  may  be  switched  off  for  non-directional  use  without 
disturbing  the  remainder  of  the  circuit. 

.A  sound  cell  is  made  up  of  two  .small  bimorph  crystal 
elements  sensitive  to  l)ending,  arranged  ojipos  te  each  other 
inside  a  hollow  bakelite  square.  Roth  sides  of  the  .square 
are  covered  over  by  thin  membranes  which  contact  and 
seal  in  the  bimorphs  and  shield  their  inner  faces  from 
pressure  variations  of  sound  waves.  Ballantine*  ha^ 
shown  that  such  sound  cells  are  non-directional  over  a 
very  wide  range  of  frequencies. 

The  non-directional  portion  of  the  microphone  com¬ 
prises  a  single  sound  cell ;  while  the  bi-directional  portion 
comprises  four  cells  in  a  novel  arrangement.  Two  cells 
are  necessary  for  bi-directional  response  and  for  reasons 
to  be  discussed  later,  two  bi-directional  pairs  are  used. 

Fig.  2-A  illustrates  the  non-directional  cell  1  and  one 
bi-directional  pair  2  and  3  in  their  relative  positions.  Cells 
2  and  3  are  connected  in  opposed  electrical  relation  an  l 
consequently  when  actuated  simultaneously  by  equal  pres¬ 
sures  their  outputs  cancel.  Obviously  soundwaves  reach¬ 
ing  the  cells  from  any  direction  at  right  angles  to  the 
central  axis  through  the  pair,  affect  Ixjth  cells  2  and  3 
equally  and  simultaneously  and  produce  no  output.  Soun  1 
waves  reaching  the  microphone  from  other  directions  do 
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not  affect  the  cells  simultaneously  and  their  outputs  do  not 
completely  cancel. 

The  combined  outiuit  of  ])air  2  and  3  is  the  algebraic 
difference  between  their  individual  outinits  and  is  maxi¬ 
mum.  for  a  given  frecpiency  within  the  range  of  the  instru¬ 
ment,  for  sound  waves  reaching  the  microphone  from  the 
front  or  hack;  or,  as  shown  in  Fig.  2-.\,  from  the  direc¬ 
tion  of  the  arrows.  The  outputs  of  non-directional  cell  I 
and  bi-directional  pair  2  and  3  are  9()  degrees  out  of  jdiase 
with  each  other;  with  the  output  of  pair  2  and  3  leading 
for  waves  from  one  direction  and  lagging  for  waves  from 
the  opposite  direction.  This  pha.se  relation  may  he  better 
understood  by  again  referring  to  a  and  h  in  Fig.  2-.\. 

In  a,  Fig.  2-.\,  curve  A  rci)resents  the  pressure  dis¬ 
tribution  in  a  plane  sound  wave,  arriving  from  the  front 
of  the  microphone  (in  direction  indicated  by  the  arrow) 
at  the  instant  when  the  average  pressure  iu  cell  1  is  zero. 
.\t  this  instant  maximum  diff'eretice  in  pressure  occurs 
between  cells  2  and  3  and  their  cotuhined  output  therefore 
is  maxitmuu.  Their  polarities  are  shown  in  solid  lines. 
The  dashed  line  curve  /•>  represents  the  pressure  distribu¬ 
tion  after  the  wave  has  progressed  for  a  distance  of  \  wave 
length,  or  \  cycle  later.  .\t  this  instant  the  pressure  and 
hence  the  output  of  cell  1  is  maximum,  and  the  difference 
in  pressure  between  cells  2  and  3  and  hence  their  combine<l 
output,  is  zero.  Their  ])olarities  for  this  instant  are  shown 
in  da.shed  lines. 

The  solid  and  dashed  outlines  of  the  cells  indicate  the 
tlexing  of  their  faces  f(»r  the  different  wave  positions, 
riie  magnitudes  of  flexure  are  of  course  greatly  magnified 
and  are  not  comparable  in  magnitude  in  the  two  cases. 

The  solid  line  curve  I)  in  h,  Fig.  2-.\  illustrates  the 
effect  of  a  similar  wave  arriving  from  the  opposite  direc¬ 
tion;  and  the  da,shed  line  C  illu.strates  the  effect  of  the 
wave  i  cycle  later.  The  polarity  of  jiair  2  and  3  has 
reversed  with  resjiect  to  the  polarity  shown  in  a  while 
the  polarity  of  cell  1  is  the  .same  as  shown  in  a.  Since 
maximum  outputs  of  cell  1,  and  pair  2-3  occur  ^  cycle 
ajiart,  they  are  degrees  out  of  phase. 

The  difference  in  pressure  on  cells  2  and  3  varies  with 
fre(|uency  and  is  maximum,  for  sound  waves  from  front 
or  liack,  when  the  wave  length  is  twice  the  center  to  center 
spacing  of  the  cells.  Helow  the  freipiency  of  maximum 
resjxmse,  the  combined  output  of  ditferentially  connected 
pair  2-3  increa.ses  substantially  jirojiortionallv  to  fre¬ 
quency.  .\t  higher  frecpiencies  the  combined  response 
drops  rapidly.  Curve  E  in  b  represents  a  wave  whose 
length  is  less  than  twice  the  center  to  center  spacing. 

Since  the  outputs  of  the  two  sections  of  the  microphone 
are  9()°  out  of  phase  and  are  not  the  same  with  resi>ect 


Fig.  3.  Arrangement  of  the  bimorph  crystal  elements 
within  the  case 


to  frequency  they  cannot  be  combined  for  uni-directional 
response  by  merely  connecting  them  in  series  or  parallel. 
In  the  case  of  the  UD-3  microphone  a  special  two  channel 
amplifier  is  used  and  means  are  provided  in  one  channel 
to  shift  the  phase  and  correct  the  response  of  the  bi-direc¬ 
tional  section.  Two  separately  shielded  conductors  are 
employed  to  connect  the  microphone  to  the  amplifier. 


Fig.  4.  Amplifier  circuit  used  to  boost  the  response  of 
the  bi-directional  elements  with  respect  to  the  non- 
directional  element 


In  Fig.  2-H  curve  .1  is  the  resi)onse  of  the  non-direc¬ 
tional  cell  and  curve  D  is  the  response  of  the  bi-directional 
unit.  They  are  etpial  at  about  1 500  cycles.  Curve  C  shows 
the  re(|uired  voltage  gain  of  the  correction  circuit  neces¬ 
sary  to  level  off'  the  response  of  the  hi-directional  unit. 
.\  single  pentode  stage  using  a  6C6  tube  and  having  a 
capacity  in  the  order  of  .03  pf.  connected  from  plate  to 
cathode  provides  the  necessary  correction  and  also  shifts 
the  phase  substantially  90°  over  a  wide  range  of  frequen¬ 
cies.  Fig.  4  is  a  basic  circuit  for  the  special  pre-amplifier 
ancl  condenser  C  is  the  phase  shifting  condenser.  Due  to 
the  characteri.stics  of  the  microphone  and  phase  shifting 
function  of  tube  the  plate  currents  of  and  V*  are 
in  jdiase  for  sounds  reaching  the  microphone  from  the 
front  and  are  180°  out  of  phase  for  sounds  reaching  the 
microphone  from  the  hack.  Curve  B  in  Fig.  2-B  is  the 
response  of  the  combination  for  sounds  reaching  the 
UD-3  from  the  front. 

Switch  SIE  in  the  amplifier  is  provided  to  short  circuit 
the  bi-directional  output  when  the  microphone  is  to  be 
u.sed  for  non-directional  pickup.  Thus  the  UD-3  may  at 
the  will  of  the  ojierator,  be  used  as  a  uni-directional  micro¬ 
phone  or  as  a  completely  non-directional  microphone. 
Curve  A  in  Fig.  1-B  is  a  polar  response  curve  of  the  non- 
directional  section  and  curve  B  is  the  uni-directional 
res|X)n.se.  W  hen  used  with  a  properly  designed  amplifier 
the  response  is  substantially  flat  up  to  10,000  cycles  over 
the  whole  useful  pickup  field.  In  addition  to  its  uni¬ 
directional  property,  the  wide  pickup  angle  of  the  UD-3 
is  a  marked  advantage  over  the  restricted  field  of  a  bi¬ 
directional  microphone. 

In  order  that  various  lengths  of  cable  may  be  used  with¬ 
out  altering  the  balance  between  outputs  of  the  tw’o  sec¬ 
tions  the  bi-directional  section  is  made  up  of  two  pairs  of 
cells  in  series  parallel  and  thus  has  the  same  impedance  as 
the  single  cell.  The  two  pairs  are  placed  one  above  the 
other  with  the  non-directional  cell  in  between.  They  are 
clamped  in  light  metal  channels,  spot  welded  to  pieces  of 
metal  screen  which  form  a  supporting  frame.  The  cell 
assembly,  with  one  side  removed,  is  shown  in  Fig.  3.  In 
the  complete  microphone  the  cell  assembly  is  mounted  in 
the  outer  case  on  small  pads  of  sponge  rubber. 

‘Stuart  Ballantine — Proc.  IRE  Vol.  22,  No.  5.  May  1934. 

*01son  and  Massa — Applied  Acoustics,  P.  Blakiston’s  Son  &  Co. 
1934,  pages  136-141. 

®Developed  and  manufactured  by  The  Brush  Development  Com¬ 
pany,  under  the  name  “UD-3  Uni-directional  Microphone.” 
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A  new  thermionic 


motor  speed 


regulator 


By  C.  BOYD  NORRIS 

Departmrnt  of  Electrical  Engineering 
Tulane  Unhvrsity  of  Louisiana 
Nero  Orleans,  Louisiana 


ACCURATE  sj)eed  control  has  been  a  problem  for 
/A  engineers  since  the  rise  of  the  electrical  industry, 
^  -1^  and  many  schemes  have  been  devised  for  auto¬ 
matic  speed  regulation.  With  the  development  of  the 
vacuum  tube  new  possibilities  have  been  opened  for  con¬ 
trol  applications,  and  vacuum  tube  regulators  have  been 
applied  to  both  voltage  and  sjieed  control.  This  paper 
discusses  the  construction  and  operation  of  an  automatic 
speed  regulator,  using  grid-controlled  rectifiers  and  oper¬ 
ating  by  the  method  of  field  control. 

A  circuit  diagram  of  the  regulator  is  shown  in  Fig.  1. 
A  small  magneto  tachometer  is  directly  coupled  to  the 
shaft  of  the  shunt  motor  and  the  direct  current  voltage 
from  this  tachometer  is  fed  into  the  grid  circuit  of  a  type 
57  amplifier  tube.  The  output  of  the  amplifier  tube  is  put 
into  the  grid  circuit  of  tw'o  gaseous  grid-controlled  recti¬ 
fier  tubes,  connected  for  full  wave  rectification.  The  recti¬ 
fier  tubes  are  each  supplied  with  a  plate  voltage  of  500 
volts,  60  cycle  a.c.,  and  the  grids  are  each  supplied  with 
30  volts,  60  cycle  a.c.,  the  grid  voltage  lagging  the  plate 
voltage  by  120°.  The  output- of  the  rectifier  is  used  to 
supply  the  total  field  current  for  the  shunt  motor.  Lag 
of  the  grid  voltage  behind  plate  voltage  is  obtained  by 
means  of  a  center-tapped  resistance  in  series  wdth  a  con¬ 
denser,  as  shown  in  the  circuit  diagram. 
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Fig.  1 — Circuit  diagram  of  the  speed  regulator.  The 
tachometer  voltage  controls  the  field  current  through 
grid-controlled  rectifiers 


Any  change  in  tachometer  voltage,  produced  by  a 
change  in  speed,  causes  a  change  in  the  d-c  voltage  in  the 
grid  circuit  of  the  amplifier  tube.  This  change  in  voltage 
is  amplified  and  impressed  in  the  grid  circuit  of  the  recti¬ 
fiers,  and  causes  a  change  in  the  rectified  voltage  output  of 
the  tubes  to  the  motor  field.  This  produces  a  change  in 
field  current,  tending  to  bring  the  motor  back  to  the  origi¬ 
nal  speed. 

In  any  automatic  regulator  some  provision  must  be 
made  to  prevent  hunting.  In  this  case  a  resistance-ca])ac- 
ity  time  delay  is  used.  The  tachometer  is  connected  to  a 
resistance  and,a  condenser  in  series,  and  the  voltage  across 
the  condenser  is  then  connected  in  the  grid  circuit  of  the 
amplier,  as  show  in  the  circuit  diagram.  Fig.  1.  With  this 
arrangement  any  change  in  voltage  of  the  tachometer  can¬ 
not  apjiear  immediately  in  the  grid  circuit  of  the  amplifier. 

This  control  equipment  was  applied  to  a  230  volt,  22 
amp.,  1800  r.p.m.  shunt  motor,  and  oscillograph  records 
were  made  of  the  speed  and  field  current  for  j)eriods 
during  and  immediately  following  load  changes.  In  Fig. 
2  are  shown  oscillograms  of  sjH^ed  and  field  current  for 
the  case  where  full  load  was  suddenly  removed  from  the 
motor.  The  field  current  api)ears  as  a  broad  line  because 
of  the  ripples  present. 

The  data  listed  in  the  following  table  .show  the  variation 
of  speed  and  field  current  with  load  for  the  motor  ojXT- 
ating  normally,  and  then  for  the  motor  with  the  regulator 


Fig.  2 — An  oscillogram  showing  speed  control  when 
load  was  removed  from  a  five  hp.  motor.  Control  was 
regained  in  three  seconds 


in  operation.  The  percent  change  in  si)eed  with  the  ma¬ 
chine  operating  normally  was  8.1%,  and  the  correspond¬ 
ing  change  in  speed  with  the  regulator  in  oijeration 
was  0.78%. 


Without  Regulator: 


With  Regulator: 


.Armature 

Current 

Field 

Voltage 

Speed 

%  Cliatigo 
in  Speed 

No  Load 

2.2  a. 

230  V. 

1797 

Full  Load 

23.0  a. 

230  V. 

16b2 

8.1% 

No  Tvoad 

2.2  a. 

232  V. 

17^7 

Full  Load 

23.0  a. 

197  V. 

1783 

0.78% 

Satisfactory  operation  of  this  device  depends  upon  the 
constancy  of  the  alternating  current  voltage  supply.  If 
the  a-c  voltage  suddenly  rises  a  few  volts  the  effect  is  the 
same  as  if  the  load  on  the  motor  had  suddenly  been  in¬ 
creased,  and  the  speed  will  drop.  The  regulator  will  then 
go  into  action  and  bring  the  speed  back  near  its  original 
value. 

Some  of  the  advantages  of  the  regulator  are :  it  ha*^ 
no  moving  parts,  except  the  pilot  generator;  it  can  In 
quickly  and  easily  adjusted  to  regulate  for  any  desired 
speed,  within  the  range  practical  by  the  method  of  field 
control ;  it  can  be  applied  to  any  shunt  motor  to  which 
the  pilot  generator  can  be  coupled. 

The  method  of  control  as  developed  requires  that  the 
rectifiers  have  the  necessary  capacity  to  supply  the  total 
motor  field  power.  However,  low  capacity  rectifiers  can 
be  used  to  regulate  the  speed  of  a  large  motor  if  they  are 
allowed  to  supply  the  field  of  an  exciter,  which  in  turn 
supplies  the  field  current  for  the  motor. 
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A  multi-stage 
photocell  current 
amplifier 

— applied  to  furnace 
temperature  control 


By  WALTER  RICHTER 

A.  O.  Smith  Corfioration 
Mihvaukee,  U'lscoiisin 


The  use  of  the  photo-electric  cell  for  tenii)erature 
control,  utilizing  the  light  given  off  hy  heated 
iKxlies  is  not  new.  The  control  of  furnace  tem- 
|>eratures,  however,  has  remained  a  laboratory  ai)plica- 
tion,  no  commercial  instrument  Ixdng  available  for  this 
l)iirj)ose.  The  reason  for  this  is  probably  (juite  clear  to 
research  workers  familiar  with  the  characteristics  of  the 
]>hoto-cell.  If  it  is  desired  to  control  the  temjxrature 
of  a  chamber  furnace,  it  is  necessary  to  have  a  hole 
through  the  furnace  wall  and  for  many  quite  obvious 
reasons  it  is  impossible  to  have  an  (jjxning  of  several 
stjuare  inches.  A  one  inch  hole  is  probably  the  maximum 
that  the  furnace  manufacturers  are  willing  to  concede. 
The  hole  must  accommfxlate  a  tulx  of  approximately 
I  in.  wall  thickness  so  that  the  ojxning  for  the  light 
does  not  exceed  ^  in.  in  diameter.  The  total  amount 

GETTING  AROUND  THE 
D-C  AMPLIFIER 

When  photocells  must  be  used  to  con¬ 
trol  on  the  basis  of  small  changes  in 
light,  more  than  one  stage  of  ampli¬ 
fication  is  usually  needed  to  produce 
sufficient  current  to  operate  a  sturdy 
relay.  In  this  article  is  described  a 
multistage  amplifier  capable  of  am¬ 
plifying  the  d-c  currents  from  the 
photocell,  but  with  the  use  of  super¬ 
imposed  a-c,  so  that  the  many  difficul¬ 
ties  of  d-c  amplifiers  are  avoided 
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Circuit  diagram  of  photocell  circuit.  The  am¬ 
plifier  produces  “d-c”  amplification  on  an  a-c  basis, 
thus  eliminating  much  cumbersome  equipment 


of  light  falling  through  this  ajxrture  on  the  photo-cell 
is  rather  small  and  exjxriments  have  shown  that  with 
a  10  megohm  resistor  is  only  in  the  order  of  two  tenths 
of  one  volt  with  a  tenqxrature  change  of  10  to  15  de-^ 
grees  at  tenij^ratures  of  apijroximately  1800“F. 

The  mutual  conductance  of  most  available  amplifier 
tulxs  does  not  exceed  two  to  three  milliamperes  plate 
current  change  with  a  one  volt  grid  voltage  change  so 
that  with  a  single  tube  we  cannot  ex|)ect  more  than  .4 
to  .6  milliamperes  plate  current  change  with  the  desired 
temixrature  change.  A  sturdy  telephone  relay  equipped 
with  a  Hurgess  micro-switch  takes  a  tw’o  to  three  milli- 
am|)ere  change  for  the  ojxration  of  the  switch.  In  order 
to  obtain  the  desired  sensitivity  for  furnace  chamber 
control  it  is  therefore  necessary  to  emjdoy  another  stage 
of  amplification.  All  research  workers  familiar  with  di¬ 
rect  current  amplifiers  realize  that  this  condition  almost 
prevents  commercial  use  of  the  apparatus  and  confines 
it  to  the  laboratory.  This  is  obvious  when  considering 
the  various  schemes  available  for  direct  current  amplifi¬ 
cation. 

D-c  amplifier  a  problem 

For  a  commercial  instrument  intended  to  go  into  all 
kinds  of  industrial  plants,  the  use  of  batteries  should 
l)e  avoided  by  all  means  and  all  power  should  l)e  obtained 
by  plugging  the  instrument  into  a  light  socket.  Another 
disadvantage  of  the  multi-stage  direct  current  amplifier  is 
seen  in  the  following:  it  is  well  known  that  a  phase- 
reversal  takes  place  when  going  from  one  stage  to  the 
other.  No  matter  whether  we  put  a  normally  open  or  a 
normally  closed  relay  in  the  final  output  circuit,  there 
will  l)e  at  least  one  tul)e.  the  plate  current  of  which 
is  sup|K)sed  to  increase  with  an  increase  in  light  or  a 
corresix)nding  increase  in  temperature.  If  this  tube 
.should  fail,  power  will  he  kept  on  the  furnace.  With 
a  more  than  one  stage  direct  current  amplifier  we  can¬ 
not,  therefore,  protect  against  the  failure  of  any  ampli¬ 
fier  tube.  It  is,  of  course,  true  that  we  cannot  protect 
against  the  failure  of  the  photo-cell  itself  because  if  it 
should  go  blind  it  obviously  cannot  control  any  more,  but 
the  chances  of  the  failure  of  the  photo-cell,  which  does 
not  contain  any  filament  to  burn  out  and  passes  only  a 
fraction  of  a  microamixre  are  very  much  more  remote 
than  the  failure  in  the  amplifier  tubes. 

The  problem  of  obtaining  a  satisfactory  temperature 
control  for  furnaces  by  the  photo-electric  method  has 
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A  practical  time 


signal  system 


for  broadcasting 


By  HERBERT  J.  MAYER 


The  broadcasting  of  correct  time  signals  is  not 
only  a  real  public  service,  but  the  hourly  tone- 
beat  is  also  frequently  an  aid  to  keeping  the  pro¬ 
grams  on  schedule.  Herewith  are  given  the  data  on 
a  cheap,  foolproof,  automatic  time  signal  broadcasting 
system  which  has  proved  its  practicability  by  nearly 
three  years  of  continuous  service.  It  is  cheap  because 
there  is  no  upkeep  expense  (assuming  that  a  Western 
Union  clock  is  already  in  use),  other  than  the  4i-volt 
“C”  battery  used  for  manual  control,  and  the  time  is 
as  accurate  as  the  impulse  which  sets  the  W.  U.  clocks 
on  each  hour. 

The  schematic  diagram  in  Figure  1  is  self-explanatory. 
Advantage  is  taken  of  the  beat  note  of  approximately 
1,000  cps.  supplied  by  a  General  Radio  Type  581 -B 
frequency  deviation  meter  used  to  monitor  continuously 
the  transmitter  carrier  frequency,  which  is  coupled  to 
one  of  the  buffer  stages  preceding  the  modulated  R.F. 
amplifier.  Cutting  in  of  the  tone-beat  has  no  effect 
whatever  on  the  calibration  of  the  frequency  monitor. 
Any  good  frequency  deviation  meter  could  no  doubt  also 
be  used  to  supply  the  beat-note  with  equally  satisfactory 
results. 

Relay  wired  to  clock  circuit 

A  6-ohm  double-pole,  single-throw  relay  (RYi)  is 
wired  in  series  with  the  Western  Union  Clock  circuit. 
The  D.C.  resistance  of  the  setting  mechanism  in  the  Self- 
Winding  clock  is  approximately  12  ohms.  The  resistance 
of  the  tone-beat  relay  may  be  any  value  between  6  and 
12  ohms  without  affecting  the  operation  of  the  control 

EXPENSIVE  time-signalling  systems 
are  not  necessary  if  a  Western  Union 
time  circuit  is  available  in  the  broad¬ 
cast  control  room.  In  this  article  is 
described  a  complete,  practical,  and 
inexpensive  system  which  can  be  as¬ 
sembled  by  the  operating  staff  of  the 
station 


circuit.  This  relay  may  be  purchased  or  a  discarded 
telegraph  sounder  may  he  readily  converted  into  one 
as  shown  in  Figure  2.  The  stationary  contact  springs 
are  taken  from  discarded  telephone  jacks.  The  contact 
screws  on  the  hakelite  strip,  which  is  mounted  on  the 
armature,  are  taken  from  discarded  telegraph  keys  or 
automobile  spark  coil  vibrators,  and  are  connected  to 
separate  binding  posts  through  flexible  copjK*r  pigtails 
soldered  to  them. 

If  all  circuits  are  adequately  shielded  to  prevent  any 
inductive  or  capacitive  coupling  it  should  not  be  neces¬ 
sary  to  break  the  output  circuit  of  the  coupling  trans¬ 
former  Ti,  which  feeds  the  tone-beat  into  the  speech 
circuit.  In  this  case  a  single-i)ole,  single-throw  relay 
will  be  satisfactory  to  close  only  the  input  circuit  of  7'i, 
with  the  output  connected  directly  to  Ri  and  R^,  or  to  the 
5(X)  ohms  speech  circuit. 

Resistors  R\  and  R-i  may  not  be  necessary  in  some 
installations.  Their  purpose  is  to  prevent  any  R.F. 
picked  up  in  the  time  circuit  wiring  from  feeding  into 
the  speech  circuit,  and  also  to  attenuate  the  tone-lK*at  to 
the  proper  level.  Their  values  will  have  to  he  determined 
by  experiment,  and  will  generally  he  somewhere  lK*tween 
100  and  2,000  ohms  each. 


Fig.  1.  Complete  diagram  of  the  signal  system. 

The  station  frequency  deviation  meter  (shown  in 
dotted  lines)  supplies  the  1000  cycle  tone  for  the 
signal.  Western  Union  time  impulses  are  used 

In  the  case  of  the  installation  made  by  the  author 
these  resistors  were  not  required  as  the  coupling  tratis- 
former  Ti  used  (Silver-Marshall  S-M231  push-pull  to 
magnetic  sjK'aker  output  from  171A-245-250  tut)es). 
happened  to  supply  the  proper  level  to  modulate  the 
transmitter  50%,  as  checked  on  an  oscilloscope.  No 
changes  in  the  audio  characteristics  of  the  speech  eipiip- 
ment  were  detected  after  installation. 

The  1,000  cps  supply  is  taken  from  the  fre(juenc\ 
monitor  through  a  telephone  jack  on  the  front  of  the 
panel,  and  is  left  in  circuit  continuously. 

The  S-M231  transformer  was  used  at  Ti  simply  be¬ 
cause  it  was  the  only  one  available  at  that  time,  and 
happened  to  have  the  desired  characteristics  for  this  par¬ 
ticular  installation.  There  are  no  doubt  many  other 
transformers  on  the  market  that  would  fill  the  bill  as 
well.  As  a  guide  to  selecting  a  proper  transformer,  the 
characteristics  of  the  S-M231  at  1,000  cps  are  given : 

Total  Primary  to  Secondary  turns  ratio . 3.78:1 

“  “  Inductance  106  Henrys 
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Fig.  2.  A  serviceable  double  contact  relay, 
constructed  from  a  telegraph  sounder 


Total  primary  D.C.  Resistance .  660  Ohms 

“  “  Impedance  (Under  load 

conditions)  . 640,000  Ohms 

.Secondary;  Inductance  . 7.9  Henrys 

"  D.C.  Resistance . 184  Ohms 

“  Impedance  (Under  load 

conditions)  .  50,000  Ohms 


The  electrical  impulse  coming  over  the  Western  Union 
wires  on  each  hour  energizes  relay  RY\,  which  closes 
SW3  (also  SW4)  thus  feeding  the  1000  cps  current  into 
T\,  which  in  turn  feeds  it  into  the  speech  system  through 
SIV4  and  Ri-R».  Switch  SWi,  when  closed,  serves  to 
cut  the  station  time  signal  circuit  entirely  out  of  the 
W.U.  circuit.  SW2  is  a  push-button  or  key  on  the  con¬ 
trol  desk  and  allows  the  control  engineer  to  manually 
broadcast  a  time  signal  at  any  time.  This  feature  is 
especially  desirable  when  recorded  programs  are  broad¬ 
cast  from  the  control  room,  or  when  time  signals  are 
si)onsored  or  given  at  short  intervals. 

The  signals  may  be  fed  into  most  any  part  of  the 
sjieech  circuit  if  the  coupling  impedances  and  levels  are 
properly  matched.  If  no  clock  circuit  is  available  at  a 
remotely  located  transmitter  an  A.C.  operated  1000  cycle 
A.F.  oscillator  may  be  used  at  the  studios  in  place  of 
the  frequency  monitor.  Such  an  oscillator  is  practically 
foolproof  in  operation  and  maintenance  if  only  quality 
materials  are  used  throughout. 


Photocell  amplifier 

[Couttuued  from  page  245] 

been  solved  by  discarding  the  idea  that  the  direct  cur¬ 
rent  had  to  be  amplified  as  such.  The  jirinciple  of  the 
circuit  (patents  for  which  have  been  aiqilied  for)  is  as 
follows :  the  voltage  drop  jiroduced  by  the  photo-cell  cur¬ 
rent  in  a  coupling  resistor  changes  the  grid  bias  of  the 
fir.st  tul)C.  .'\t  the  same  time,  however,  a  small  a-c  signal 
is  ])ut  on  the  grid  of  this  tube.  Since  this  first  tube 
works  with  a  very  low  plate  voltage  near  the  cut-off 
value,  the  amplification  of  the  a-c  signal  is  changed  con¬ 
siderably  with  a  small  change  in  the  direct  current  grid 
bias  of  this  tube.  The  signal  is  then  amplified  once  more 
by  means  of  a  screen  grid  tulie  and  feeds  into  a  power 
tulie  operated  as  biased  detector.  In  its  plate  circuit  is 
a  normally  open  direct  current  relay  operating  the  con- 
t.'ictor  of  the  power  supply  for  the  furnace  directly.  It 
is  quite  obvious  that  the  failure  of  any  one  of  the  ampli¬ 
fying  tulles,  the  detector  tulie  or  the  rectifier  will  simply 
result  in  a  shut-down  of  the  furnace.  The  photocell  is 
arranged  in  such  a  manner  that  an  increasing  amount  of 
light  increases  the  negative  bias  put  on  the  first  tulie, 
reducing  or  stopping  the  amplification  completely.  A 
caesium-cell  of  the  vacuum  tyiie  is  used  for  this  puqwse. 
.Although  this  type  of  cell  is  less  sensitive  than  a  gas- 
lilled  type,  it  lias  the  advantage  of  being  practically  in- 
(hix^ndent  of  its  supply  voltage  if  the  latter  exceeds 
approximately  30  volts,  and  is  considerably  more  stable 
than  the  gas-filled  tyjie. 

Description  of  circuit  operation 

Referring  to  the  diagram,  it  can  be  seen  that  the 
iKcessary  direct  current  voltages  are  obtained  from  a 
standard  rectifier  arrangement,  an  8pfd  condenser  pro¬ 
viding  sufficient  filtering.  The  cathodes  of  all  tubes  are 
at  the  same  potential,  and  grounded.  Negative  grid  bias 
for  the  second  and  third  tube  and  also  the  necessary  volt¬ 
age  to  operate  the  photo-cell  is  obtained  by  passing  the 
cathode  currents  of  all  the  tulies  as  well  as  the  current 
of  the  bleeder  resistance  furnishing  the  screen  grid  volt¬ 
age  to  the  second  tube,  through  a  resistor  to  the  negative 
end  of  the  power  supply.  This  part  of  the  power 
supply,  from  the  cathodes  to  the  negative  end,  is  filtered 
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again  to  raise  the  efficiency  of  the  detector.  The  first 
tube,  a  56  type,  obtains  its  operating  voltage  from  a 
voltage  divider  across  a  ^  watt  neon  lamp  which  in  turn 
is  in  series  with  70,000  ohms  across  the  power  supply. 
The  use  of  a  neon  lamp  in  this  place  assures  that  the 
oi)erating  voltages  for  the  first  tube  change  but  very 
little  with  a  change  in  line  voltage.  It  is  seen  that  not 
only  the  anode- voltage  of  the  first  tube  is  affected  by 
this  means,  but  also  the  potentiometer.  Pi,  furnishing  the 
variable  grid  bias  for  this  tube,  the  potentiometer  being 
connected  across  part  of  this  voltage  divider.  By  this 
means  the  amount  of  light  and  therefore  the  temperature 
at  which  the  apparatus  functions  can  be  changed.  The 
characteristic  of  the  vacuum  type  photo-cell  is  such  that 
the  current  through  it  is  practically  independent  of  the 
anode  voltage  as  long  as  the  latter  exceeds  approximately 
30  volts.  The  grid  bias  appearing  on  the  first  tube  is 
equal  to  a  part  voltage  across  the  potentiometer  Pi  minus 
the  voltage  drop  across  the  resistor  in  series  with  the 
photo-cell.  The  first  part  is  kept  constant  by  means  of 
a  neon  lamp,  the  latter  is  a  function  of  the  light  only,  so 
that  the  grid  bias  on  the  first  tube  is  essentially  inde- 
l)endent  of  small  changes  in  the  line  voltage.  A  small 
a-c  voltage  is  now  impressed  on  the  grid  from  the  sepa¬ 
rate  transformer,  Ti,  or  a  winding  placed  on  the  core  of 
the  main  power  transformer.  Condensers  Ci  and  C> 
prevent  the  shorting  of  the  D-C  grid  bias  derived  from 
the  photo-cell  coupling  resistor.  In  the  plate  circuit  of 
the  first  tube  is  found  the  coupling  resistor  R2,  the  A.C. 
component  of  the  voltage  appearing  across  this  resistor 
l>eing  coupled  by  condenser  C3  to  the  next  tube  in  a 
conventional  manner.  Resistance  coupling  is  again  em¬ 
ployed  from  this  tube  to  the  next  45  type  tube  which 
acts  as  a  detector.  As  mentioned  previously,  the  relay 
in  the  plate  circuit  of  this  tube  is  a  telephone  relay 
equipped  with  a  Burgess  vacuum  switch,  the  coil  of  the 
relay  being  shunted  by  a  8  microfared  condenser. 

The  apparatus  gives  considerably  closer  control  than 
a  thermocouple.  In  the  initial  experiment  the  photo-cell 
did  not  look  directly  at  the  furnace  wall,  but  at  a  closed 
nickel  tube  extending  approximately  four  inches  into 
the  furnace.  The  possibility  exists,  however,  to  let  the 
photo-cell  look  at  the  charge  in  the  furnace  directly  which 
will  permit  an  extremely  close  regulation. 
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Coil  testing  methods 

for  use  in  radio  plants 

By  EDGAR  MESSING 

F.  IV.  Sickles  Company 
Springfield,  Massachusetts 


The  production  of  successful  radio  receivers  calls 
for  correct  design  of  the  master  models  and  then 
upon  the  correct  duplication  of  these  models.  This 
second  requirement  depends  to  a  considerable  e.xtent  on 
the  duplication  of  the  components  used  in  the  production 
models  of  the  receivers.  Of  these  components,  probably 
the  most  difficult  to  duplicate  are  the  radio- frequency 
inductances;  and  yet  they  are  kept  to  the  closest  toler¬ 
ances. 

It  is  proposed  here  to  discuss  proper  testing  means 
to  insure  oscillator,  detector  and  antenna  coils  dupli¬ 
cating  those  in  the  designer’s  model ;  and  to  describe  new 
and  improved  apparatus  for  this  purpose.  The  dupli¬ 
cation  of  i-f  transformers  is  a  separate  problem. 

The  broad  properties  of  the  receiver  that  are  depen¬ 
dent  on  coils  are  gain  and  selectivity.  Coils  must  dupli¬ 
cate  the  characteristics  of  tlie  masters  by  which  the 
receiver  was  designed ;  oscillator  coils,  for  example,  must 
duplicate  oscillation  strength  and  frequency  tracking 
characteristics. 


Two  views  of  the  General  Radio  Reactance  Meter  useful 
for  coil  testing 


For' the  usual  two-circuit  transformer  the  coupling 
l)etween  primary  and  secondary,  the  Q  of  both  circuits, 
the  effective  L  presented  to  the  tuning  condenser,  and 
the  primary  L  must  be  duplicated  to  secure  the  sauK* 
receiver  characteristics.  For  tlie  single  winding,  increas¬ 
ingly  popular  as  an  antenna  coil,  the  Q  and  effective  L 
are  the  important  characteristics.  Modern  coil  testing 
must  encomi)ass  these  four  points. 

The  usual  practice  has  l)een  to  adjust  the  secondary 
L  alone.  The  extension  of  the  receiving  range  to  15 
meters  and  the  realization  that  j^erformance  on  the  short 
waves  must  compare  with  the  550-1,500  kc  band  |)er- 
formance  has  focussed  attention  on  the  need  for  more 
elaborate  testing.  A  surprising  slackness  has  attended 
the  testing  of  small  inductances — the  mere  duplication 
of  number  of  turns  often  being  considered  sufficient. 
Engineering  sjiecifications,  however,  are  being  applied 
to  short  wave  coils  and  coil  testing  is  now  obligatory. 

The  testing  of  Q  will  l>e  considered  later.  Of  the 
other  three  factors,  the  effective  secondary  L  is  depen¬ 
dent  in  j)art  on  the  remaining  two:  primary  L  and  coup¬ 
ling  between  circuits.  Of  course  a  certain  tolerance  is 
allowable  in  receiver  |)erformance  and  this  tolerance  can 
be  reflected  in  coil  features.  For  e.xample,  the  very  com¬ 
mon  practice  of  having  a  primary  resonate  in  the  re¬ 
ceiver  below  the  low  frecjuency  end  of  a  range  usually 
calls  for  resonance  at  least  12  j)er  cent  l)elow.  .\  varia¬ 
tion  of  primary  L  or  C  of  4  i^er  cent  would  mean  a 
change  in  primary  resonant  frequency  of  approximately 
2  ])er  cent,  which  is  allowable.  No  more  than  a  j)eri(Kl- 
ical  check  is  required  to  make  sure  that  a  unit  will  keej) 
within  a  4  i)er  cent  tolerance. 

Similarly,  since  neither  gain  nor  selectivity  vary  di¬ 
rectly  with  variations  in  coupling,  no  more  than  a  pe¬ 
riodical  check  is  required  to  keep  the  coupling  within 
practical  tolerances. 

These  variations  are  permissible  from  the  standixiint 
from  which  they  have  been  examined.  However,  when 
the  tolerances  in  effective  secondary  L  are  \  per  cent  or, 
in  very  particular  cases,  0.1  per  cent,  the  effect  of  these 
variations  on  secondary  L  must  be  taken  care  of.  For 
example,  in  one  coil  representative  of  an  average  antenna 
coil  a  variation  of  coupling  of  5  |)er  cent  is  reflected  as 
a  change  in  effective  secondary  L  of  0.5  per  cent. 

A  resonant  primary  has  been  particularly  mentioned, 
but  the  same  considerations  of  allowable  difference^ 
apply  to  low  impedance  primaries  or  oscillator  ticklers. 

On  single  winding  coils  the  secondary  /.  is.  of  course 
the  effective  L.  Where  shields  are  used  their  effects 
must  be  included  in  the  test. 

From  this  discussion  it  develops  that  of  the  variables 
considered  the  important  characteristic  requiring  closest 
examination  is  the  effective  secondary  L  and  that  this 
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characteristic  must  l)e  checked  by  some  procedure  that 
takes  into  account  its  dei)endence  on  circuits  coupled  to  it. 

Since  it  is  desirable  to  maintain  the  primary  ctmplin^ 
and  the  i>rimary  itself  within  the  practical  limits  and 
since  the  secondary  winding  is  the  major  ])art  of  the 
effective  secondary  L,  it  is  this  winding  that  is  adjusted. 

Five  years  ago  the  usual  test  fixture  consisted  of  a 
fixed  oscillator,  possibly  crystal  controlled,  couided 
loosely  to  a  wavemeter  circuit.  The  tert  coil  was  made 
a  part  of  the  wavemeter  circuit  and  a  voltmeter  or  am¬ 
meter  was  used  as  indicator.  The  master  coil  controlled 
the  setting  of  the  wavemeter  condenser  and  limits  were 
set  directly  on  the  condenser.  Mechanical  measurements 
were  the  checks  on  primary  effects. 

This  scheme  was  succeeded  by  the  heat  frecpiency 
metluKl  wherein  the  coil  under  test  was  made  the  tank 
coil  of  an  oscillator  circuit  and  an  audible  heat  i)roduced 
l)etween  this  oscillator  and  a  fixed  oscillator.  Secondary 
inductance  alone  was  adjusted,  usually  in  the  manufac¬ 
turing  stage,  where  the  secondary  winding  was  the  only 
coil  on  the  form. 

Movable  ])rimaries  were,  and  still  are.  atljusted  in  a 
separate  o|>eration  to  exact  mutual  inductance  values. 
Primaries  of  the  solenoidal  ty|)e  were,  and  are.  kept  to 
mechanical  dimensions.  For  small  coils,  however,  it  be¬ 
comes  increasingly  difficult  not  only  to  adjust,  hut  even 
to  measure  mutual  inductance  values. 

.\n  extension  of  this  method  of  testing  is  to  test  and 
adjust  the  secondary  after  the  primary  is  wound  with  the 
primary  short  circuited.  This  has  the  merit  of  realizing 
the  effect  of  i)rimary  load  on  effective  secondarv  L  and 
works  out  very  well  i)r.actically.  It  does  suffer  from 
slight  error  in  that  if  coils  are  not  identical  in  every 
resjwct  if  adjusted  with  the  ]irimary  shorted  they  will 
differ  with  another  load  on  the  primary.  Short  wave 
coils  can  Ik*  adjusted  in  tlK*  same  way — using  a  high  fre- 
(luency  fixed  oscillator  and  adjusting  to  zero  heat. 

The  objection  to  l)eat  frequency  testing  of  this  tyj^  is 
tliat  it  is  not  necessarily  indicative  of  inductance,  hut 
rather  is  i)roj)ortional  to  an  /X  prfxluct.  The  true  L 
may  vary,  hut  may  he  comi)ensated  on  tlie  l)eat  test 
fixture  by  a  similar  variation  in  distributed  C.  Varia¬ 
tions  in  C  can  usually  lie  taken  uj)  by  connKnsators  on 
the  main  tuning  condenser,  hut  variations  in  L  imme¬ 
diately  cause  mistracking. 

For  short  wave  coils  one  metluxl  that  was  extensively 
employed  fed  the  primary  current  at  an  average  fre- 
<inency  of  oi)eration  in  the  set  and  adjusted  the  secondary 
to  resonance  with  the  aid  of  a  vacuum  tul)e  voltmeter, 
'rite  obvious  reason  for  such  testing  was  that  it  closely 
followed  djierating  conditions  in  the  receiver.  Consider¬ 
able  trouble  on  short  waves,  however,  can  l)e  exi)erienced 
due  to  primary  resonance. 

Frequently  it  is  possible  to  adjust  tlie  secondary  to 
a| 'parent  resonance  and  later  find  that  it  is  the  primary 
that  is  really  l)eing  tuned.  Further  difficulties  occur 
when  incoming  test  is  made  at  a  different  frequency  from 
the  coil  manufacturer’s  test.  These  troubles  are  due 
mainly  to  test  fixture  loading  variations. 

A  new’  test  instrument  has  l)een  devised  that  measures 
true  r-f  inductance.  Proper  loading  of  the  primary  of 
the  coil  makes  the  test  simulate  actual  working  condi¬ 
tions.  Short  wave  coils  adjusted  in  this  fixture  have 
proven  to  be  accurately  adjusted  by  actual  test  in  the 
receiver  in  quantity  production.  By  suitable  calibration 
it  is  possible  to  adjust  inductances  including  short  wave 
coils  to  0.5  and  0.1  per  cent. 

rhe  measurement  of  true  L  is  accomplislied  by  mea¬ 
surements  taken  at  tw’O  frequencies.  By  using  two  known 


Testing  coils  and  condensers  for  Q  values  by  the  Boonton 
Radio  Company  Q-meter 


fretiuencies  which  may  be  harmonically  related  it  is  pos¬ 
sible  to  make  a  direct  reading  true  L  meter.  To  sim¬ 
plify  the  derivation  we  may  use  the  LC  formula,  in 
terms  of  wave  length  rather  than  frequency. 

For  a  wavemeter  circuit  at  resonance  at  the  lower 
wavelength 

Xi  =  K  y/L  (Cl  -|-  Co)  (1) 

W  here  Co  is  the  fixed  circuit  cai>acity  and  Ci  is  the 
tuning  condenser  reading. 

At  the  higher  wavelength ; 

X,  =  ^  y/L  (C,  -h  Co)  (2) 

W'liere  Cs  is  the  new*  condenser  reading. 

Squaring  each  side  of  both  equations  and  subtracting 
( 1 )  f rom  (2)  : 

Xj*  —  Xi*  =  II*  [LCt  -f-  LCo  —  LCo  —  CiL) 

From  which: 

L  =  [x,«  —  X,*  /  /:*)  [1  /  C,  —  C.i 

For  known  w’avelengths : 

L  =  Af  /  C,  —  C,  =  Af  /  AC 

Where  Af  is  a  constant  and  AC  is  the  change  in  tuning 
capacity  required  to  tune  from  Xi  to  X2. 

It  will  be  noted  from  the  last  equation  that  the  true 
L  is  dejiendent  only  on  AC.  The  procedure  therefore 
w’ith  the  direct  reading  meter  is  to  tune  the  test  coil  to 
the  higher  frequency,  then  note  the  additional  capacity 
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required  to  tune  to  the  lower  frequency.  Resonance  indi¬ 
cation  may  be  by  any  of  the  well-known  methods,  such 
as  current  meter,  voltmeter,  beat  frequency,  or  reac¬ 
tance  reflection.  The  last  two  methods  have  apparently 
worked  out  best.  The  beat  frequency  method  has  been 
described  above. 

The  reactance  reflection  method  which  has  been  in  use 
for  the  longest  period  uses  two  oscillators  and  a  wave- 
meter  circuit  containing  the  test  coil.  One  oscillator  is 
fixed  and  may  be  a  crystal ;  the  other  is  variable  and 
may  be  adjusted  to  beat  with  crystal  harmonics. 

The  wavemeter  circuit  is  loosely  coupled  to  the  va¬ 
riable  oscillator  and  the  variable  oscillator  tuned  to  beat 


Si.  kies  coil  testinj;  unit 

with  a  harmonic  of  the  crystal.  The  wavemeter  circuit 
is  then  tuned  to  resonance,  the  indication  being  a  change 
in  the  beat  from  audibility  to  zero  beat,  and  then  to 
audibility  as  the  reflection  from  the  wavemeter  circuit 
changes  from  inductance  to  resistance  (at  exact  tune) 
to  capacitance.  To  tune  to  the  second  test  frequency  a 
switch  cuts  in  additional  capacity  in  both  the  variable 
oscillator  and  the  wavemeter  circuits.  The  amount  the 
beat  then  differs  from  zefo  beat  is  a  measure  of  how 
far  out  the  inductance  value  is. 

The  photograph  shows  one  of  the  two  frefpiency  test 
fixtures  in  use  at  the  F.  W.  Sickles  Company  for  pro¬ 
duction  testing.  The  two  dials  at  the  left  are  the  scales 
for  the  condensers  used  for  tuning  the  test  coil  at  the 
high  frequency  end ;  the  upper  condenser  being  a  ver¬ 
nier.  The  two  scales  next  right,  one  above  the  other, 
are  the  low  frequency  tuning  condensers,  the  upper  one 
again  being  a  vernier.  After  the  high  frequency  end  has 
l)een  tuned  the  tw’O  right-hand  condensers  are  switched 
in  and  tuned  to  resonance.  The  amount  of  capacity  that 
has  to  be  switched  in  to  tune  to  the  low  frequency  signal 
is  the  AC  in  the  equation  above.  Therefore,  the  two 
dials  at  the  right,  for  given  frequencies,  can  be  cali¬ 
brated  directly  in  inductance.  Actually  no  calibration 
need  be  made,  but  coils  can  be  compared  to  a  master. 

A  further  appreciation  of  the  accuracy  of  this  method 
of  adjusting  inductance  lies  in  the  realization  that  e.x- 
actly  the  same  procedure  is  followed  in  aligning  a  re¬ 
ceiver.  On  the  550-1,500-kc  band,  for  example,  a 
1,400-kc  signal  is  tuned  in  by  means  of  compensators 
on  the  main  tuning  condenser.  Then  the  tuning  con¬ 
denser  is  tuned  to  a  600-kc  signal;  with  correct  induc¬ 
tance  values  (and  condenser)  the  condenser  dial  will 
read  600.  Operating  frequencies  such  as  700  and  1,400 
kc  for  the  broadcast  band  are  always  used. 

The  primary  of  the  coil  under  test  should  be  loaded 
exactly  as  it  is  in  the  receiver.  An  interstage  coil  in  the 
receiver,  for  example,  may  “see”  on  the  primary  side  a 
capacity  of  30  pp-f.,  etc. 

The  General  Radio  reactance  meter  is  a  slightly  dif¬ 
ferent  instrument  that  can  be  employed  for  the  same 
purpose. 


All  testing  mentioned  above  has  been  against  a  master 
or  standard  coil — preferably  one  that  has  actually  been 
in  a  receiver.  This  is  always  an  excellent  procedure  and 
eliminates  possibilities  of  error  due  to  differences  in 
measurements.  It  is  not  necessary  that  the  master  be 
regarded  as  unchanging,  hut  it  enables  the  coil  manu¬ 
facturer  to  record  its  character  on  his  own  equipment 
and  to  check  production  from  these  measurements. 

The  specification  most  commonly  used  is  the  induc¬ 
tance  value  measured  on  a  1,000-cycle  bridge.  There  is 
a  growing  tendency  to  regard  this  not  as  a  direct  mea¬ 
surement  of  value,  especially  for  shielded  coils,  at  the 
oj^erating  frequencies.  A  two- frequency  reading  of  true 
inductance  is  therefore  s|K*cified  by  .several  engineers. 
Thousand-cycle  readings  work  out  satisfactorily  for 
most  coils.  For  small  coils  where  such  readings  are 
difficult  a  master  should  be  submitted. 

The  fourth  characteristic,  Q,  remains  to  he  discu.s.sed. 
In  general,  the  Q  of  a  winding  deiXMids  on  the  type  of 
winding,  the  size  of  wire,  the  (juality  of  the  winding 
(shorted  turns,  etc.),  broken  litz  strands  and  the  i)res- 
ence  of  loss-i)roducing  material  (water,  wax,  etc.).  The 
type  of  winding  and  size  of  wire  emjdoyed  are  constant 
factors  and  can  be  considered  a  negligible  factor  in 
quantity  production. 

A  broken  litz  strand  in  a  coil  of  2.'>0  ph.  may  change 
the  Q  5  ]x*r  cent  at  l.tXX)  kc  for  a  7  '41  wind,  3.5  ^xr 
cent  for  10/40,  etc.  The  use  of  a  resistance  check  for 
determining  the  jire.sence  of  a  broken  strand  is,  however, 
not  reliable :  variations  in  wire  size  and  composition 
account  for  irregularities  that  bar  definite  results.  It  is 
a  frequent  occurrence  to  find  coils  which  are  rejected 
on  the  resistance  bridge  te.st  to  have  seven  or  ten  com¬ 
plete  circuits,  even  though  the  resistance  is  apparently 
high.  And,  as  indicated  above,  in  many  ca.ses  the  occur¬ 
rence  of  a  broken  strand  is  not  .sufficient  cause  for  Q 
rejection. 

A  direct  reading  Q  meter  such  as  recently  placed  on 
the  market  by  Boonton  Radio  Company  is  a  good  check 
simply  performed.  Research  is  now  going  on  for  a  still 
sinqder  method  that  can  lx  effectively  used  in  (piantity 
jiroduction. 


Number  of  Broken  Strands 


Effect  of  broken  strands  in  litz  coils;  250 
fih,  1000  cps 


250 


August,  1935  —  ELECTRONICS 


+ +  BOOKS 

FOR  ENGINEERS  USING  ELECTRON  TUBES 


Les  Circuits  Osci  Hants 
(Oscillating  circuits) 

Hy  J.  Mcrcicr,  Professor  at  the  Uni- 
X'crsity  of  Bordeaux.  Published  by 
Ch.  Delagrare,  15  rue  Soufflot, 
Paris,  1954.  (200  Images,  121  figures, 
Price  bound,  50  French  francs  J. 

Thk  book  deals  with  the  elements  and 
circuits  inevitably  found  in  radio  fre¬ 
quency  devices.  It  starts  with  the  study 
of  the  closed  oscillating;  circuit  with  or 
without  an  e.m.f.  inserted  in  series  w’ith 
coil  and  condenser  and  a  positive  or 
nej^ative  resi.stance.  Of  special  interest 
is  the  case  where  the  impressed  e.m.f. 
consists  of  sinj'le  or  of  rci)eated  pulses, 
( C  hapter  8).  This  portion  concludes 
with  a  discussion  of  anti-resonant  cir- 
snits.  The  author  then  turns  to  coupled 
circuits,  laying  stress  upon  circuits  with 
magnetic  coupling.  special  chapter 
deals  with  self-maintained  oscillations 
in  coupled  circuits,  that  is  oscillations 
which  are  possible  when  a  negative  re- 
si^tance  is  inserted  in  one  of  the  cir¬ 
cuits.  The  discussion  of  the  suppression 
of  resonance  observed  in  this  case  is  of 
particular  interest.  Filter  circuits  fol¬ 
low  and  finally  the  open  oscillating  cir¬ 
cuits. 

While  it  may  seem  a  pity  that  the 
author  has  not  used  his  great  experience 
to  deal  more  extensively  with  the  prac- 
tic.al  side  of  the  question  the  brevity 
tlni-.  gained  may  be  an  advantage  to 
those  wishing  to  round  off  their  theo¬ 
retical  knowledge.  The  book  gives  a 
clear  picture  of  the  role  which  circuits 
play  apart  from  tubes  in  radio  devices. 


Das  fliissige  Dielektrikum 
(Liquid  Dielectrics) 

By  A.  Nikuradse.  Published  by  Julius 
Springer,  Berlin,  1924.  (226  pages, 

S2  figures.  Price  cloth-bound  19.50 
Gcrtnan  marks.) 

jT  This  MONOGRAPH  tends  to  group  to¬ 
gether  all  the  effects  which  are  observed 
^  when  an  insulating  liquid  comes  under 
the  influence  of  an  electric  field,  whether 
constant,  fluctuating  or  alternating  in 
strength.  These  effects  are  more 


numerous  than  is  commonly  realized. 
The  book  begins  necessarily  with  a  dis¬ 
cussion  of  the  variable  which  character¬ 
izes  perfect  insulators  in  the  first  place, 
the  dielectric  constant  which  expresses 
the  influence  of  the  electric  field  on  the 
charges  in  the  molecules;  it  then  deals 
with  the  losses  which  are  accounted  for 
by  the  dielectric  constant  and  the  struc¬ 
ture  of  the  dielectric  in  alternating  fields 
and  their  change  with  temperature  and 
frequency.  An  account  of  the  changes 
in  the  optical  properties  in  the  electric 
field  (Kerr  effect)  and  mechanical  ef¬ 
fects  conclude  this  introductory  part. 

The  author  now  turns  to  the  case 
where  after  the  saturation  current  has 
been  reached  the  field  strength  applied 
to  a  pure  liciuid  is  allowed  to  increase 
to  1(K),0()0  or  2(X),000  volts  per  cm. 
The  current  starts  to  increase  once 
more.  This  introfluces  the  very  com¬ 
plex  problem  of  ionization  in  liquids 
which  is  examined  in  the  main  portion 
of  the  book  (pp.  60  to  160)  first  for 
moderate  fields  and  then  for  strong 
fields.  The  necessity  of  using  pure 
litpiids  and  preventing  impurities  from 
tlie  electrodes  to  vitiate  the  results  by 
electrolytic  conduction  is  by  far  more 
imperative  than  in  the  case  of  gases  and 
many  tedious  investigations  have  been 
rendered  all  but  useless  for  failure  to 
observe  the  utmost  precautions  in  the 
choice  of  the  material.  Pure  ionization 
currents  play  therefore  an  important 
part  in  the  case  of  dielectrics,  whereas 
in  the  case  of  gases  the  last  stage  only, 
breakdown,  attracts  most  of  the  atten¬ 
tion.  Breakdown  of  liquids  is  reviewed 
in  the  last  fourth  of  the  book.  A  few 
pages  in  each  of  the  sections  of  the 
book  deal  with  the  conditions  at  radio 
frequencies. 

The  work  is  based  on  a  full  year’s 
course  on  dielectrics  as  given  at  the 
Munich  Institute  of  Technology,  and  the 
author,  known  for  his  work  on  liquid 
dielectrics,  is  not  afraid  of  showing  the 
great  variety  of  the  problems  in  place  of 
presenting  an  easily  read  review.  The 
large  number  of  references  cited  in  the 
text,  over  550,  is  also  not  likely  to  leave 
the  reader  wdth  a  feeling  of  knowing  it 
all.  To  derive  the  fullest  benefit,  it 
should  probably  be  read  after  having 
studied  as  an  introduction  an  easier  text 
such  as  Liquid  Dielectrics  by  A.  Ger- 
mant  (see  Electronics,  April,  1934),  al¬ 
though  the  present  book  is  not  simply 
an  expansion  of  this  subject  which 
forms  a  necessary  stepping-stone  to  the 
understanding  of  the  behavior  of  solid 
dielectrics. 


Elements  of  Loud 
Speaker  Practice 

By  N.  ir.  McLachlan.  O.vford  Uni- 
Z’crsity  Press,  Nnv  York;  1935.  (160 
pages,  price  $1.75.) 

The  author,  whose  previous  book  on 
speakers  was  for  the  exclusive  consump¬ 
tion  of  mathematicians,  has  gone  to  the 
opposite  extreme  in  this  elementary 
book. 

There  is  an  obvious  attempt  through¬ 
out  this  book  to  give  it  a  technical  air, 
but  one  has  to  read  no  further  than  the 
first  few'  pages  to  realize  that  this  ma¬ 
terial  is  l)est  suited  to  the  kind  of  radio 
“columns”  found  in  the  daily  papers 
only  a  few  years  ago. 

-f 

Theoretical  Physics 

By  Georg  Joos,  University  of  Jena; 
iraii.dated  from  the  German  by  I.  M. 
Freeman.  G.  E.  Stechert  &  Co.,  New 
York.  7750  pages,  price  $6.50.) 

The  first  75  pages  of  the  monumental 
work  lays  the  mathematical  groundwork 
for  the  text,  handling  in  turn  vector 
analysis,  the  mathematics  of  periodic 
I)henomcna,  functions  of  a  complex 
variable,  and  the  calculus  of  variations. 
Throughout  the  book  a  good  working 
knowledge  of  vector  analysis  is  neces¬ 
sary  but  surmounting  this  hurdle,  and 
here  the  reader  will  be  aided  tremend¬ 
ously  by  the  first  book  chapter,  a  master 
of  this  book  will  find  himself  in  com¬ 
plete  command  of  the  physical  phe¬ 
nomena  of  mechanics,  electromagnetic 
and  optical  phenomena,  the  theory  of 
heat,  the  structure  of  atoms  and  mole¬ 
cules,  and  the  theory  of  spectra. 

Included  in  these  chapters  will  be 
found,  of  course,  such  matters  as  the 
mechanics  of  rigid  and  deformable 
bodies,  and  liquids  and  gases,  relativistic 
mechanics,  electrostatic  and  magneto¬ 
static  fields,  optics  of  crystals,  electro¬ 
lytic  conduction,  conduction  of  elec¬ 
tricity  in  gases,  metallic  conduction,  the 
laws  of  thermodynamics,  the  classical 
theories  of  radiation.  This  reader  en¬ 
joyed  particularly  the  chapter  on  rela¬ 
tivistic  mechanics.  The  thirty  pages  de¬ 
voted  to  this  subject  seemed,  to  him,  to 
be  a  most  lucid  dissertation  in  short 
space  of  this  fascinating  field  explored 
by  Lorentz,  Einstein,  Minkowski,  et  al. 
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Photo-electric  burglar 

alarms  sain  favor 

Further  evidence  that  photo-electric 
burglar  alarms  are  gaining  in  popu¬ 
larity  is  introduced  by  an  application  re¬ 
cently  made  during  the  construction  of 
a  new  home  in  a  western  state,  in  which 
an  infra-red  (invisible  light)  alarm  sys¬ 
tem  has  been  installed  as  a  built-in  .part 
of  the  dwelling’s  modern  electrical 
equipment. 

The  electrical  contractor,  in  designing 
and  installing  the  equipment,  strategi¬ 
cally  placed  light  sources  equipped  with 
infra-red  color  caps,  so  that  anyone  en¬ 
tering  the  owner’s  wing  of  the  building 
necessarily  must  intercept  one  of  the  in¬ 
visible  light  beams  from  these  sources. 
The  beams  are  focused  on  photo¬ 
electric  relays  which  the  contractor  pur¬ 
chased  from  the  General  Electric  Com¬ 
pany,  through  his  local  jobber.  Upon 
interruption  of  any  beam,  a  relay  oper¬ 
ates  and  results  in  the  breaking  of  a  tele¬ 
phone  circuit  which  sounds  an  alarm  at 
a  central  burglar-alarm-system  head¬ 
quarters.  Since  the  installation  is  ar¬ 
ranged  so  that  the  circuit  is  normally 
closed,  the  alarm  will  also  sound  if  the 
telephone  wires  are  cut. 

Another  circuit,  normally  open,  runs 
to  an  alarm  signal  on  the  top  of  the 
home  and,  when  closed,  calls  the  police¬ 
man  on  the  beat.  Later  this  circuit  may 
also  be  used  to  floodlight  the  entire 
grounds  around  the  house,  making  it 


difficult  for  an  intruder  to  get  away 
without  being  seen. 

Both  alarms  may  be  disconnected  by 
means  of  switches  placed  within  con¬ 
venient  reach  for  use  by  the  owner  and 
trusted  servants,  and  other  switches  can 
be  used  to  operate  the  alarm  circuits 
manually. 

Finally,  in  order  to  guard  against 
the  rare  chance  of  failure  of  the  elec¬ 
tric  power  supply  to  the  home,  a  trickle- 
charged  battery  system  is  used  to  pro¬ 
vide  power  to  the  alarm  installation. 

> 

Dramatic  use  of 

controlled  sound 

BY  NOEL  URGUHART,  M.E.,  M.S. 
Stez’etis  Institute  of  Technology 

The  Dr.\m.\tic  Society  at  Stevens  In¬ 
stitute,  Hoboken,  N.  J.,  has  been  work¬ 
ing  for  the  past  four  years  with  the  De 
partment  of  Physics  on  the  problem  of 
the  dramatic  use  of  controlled  sound. 
This  work  culminated  this  year  in  the 
presentation  of  a  “Sound  Show’’  which 
demonstrated  that  in  the  theater,  sound 
can  be  controlled  in  direction,  volume, 
and  quality,  just  as  definitely  as  light  is 
controlled  in  direction,  intensity,  and 
color.  A  technique  has  been  developed 
which  permits  of  new  or  more  effective 
dramatic  interpretation  thru  the  use  of 
controlled  sound  and  opens  a  new  field 


for  further  artistry  in  the  legitimate 
theater. 

Reduced  to  its  simple.st  terms,  “con¬ 
trolled  sound”  means  the  protlucing  of 
any  sound  from  any  source,  or  group  of 
sources,  with  any  predetermined  charac¬ 
teristics,  so  as  to  be  heard  from  any 
source,  or  group  of  sources,  or  no  ap¬ 
parent  source.  Effects,  such  as  thunder, 
wind,  cheering  crowds,  marching  men. 
are  easily  obtained  and  their  use  is  well 
understood,  but  because  they  have  been 
used  with  reasonable  effectiveness,  such 
effects  were  not  included  in  the  demon¬ 
stration. 

The  “Sound  Show”  consisted  of  sev¬ 
eral  dramatic  episodes  from  well  known 
plays  whose  effectiveness  was  increased 
thru  the  use  of  controlled  sound.  The 
program  was  as  follows : 

1.  Speech  from  an  identifiable  but  in 
visible  source  as  applied  to  a  play  in¬ 
volving  the  “alter  ego.”  “Overtones,” 
by  .-Mice  Gerstenberg. 

3.  Speech  with  unnatural,  predeter¬ 
mined  pitch  and  quality,  and  a  trans¬ 
lucent  source.  “Hamlet,”  by  Shakes¬ 
peare,  Act  1 — Scenes  4  and  5.  i 

3.  The  reproduction  and  control  of 
orchestral  music  as  applied  to  a  scene  | 
requiring  fidelity,  range  of  volume,  and  5 
an  invisible  source  of  sound.  “The  Add-  f 
ing  Machine,”  by  Elmer  Rice,  Scene  6. 

4.  Speech  in  perspective  as  applied  to 
pantomime.  “The  Only  Jealousy  of 
Emer,”  by  W.  B.  Yeats. 

5.  The  audible  but  unspoken  aside ; 
mental  conflict  expressionistically  in 
terpreted  in  sound  and  light.  “The  Add 
ing  Machine,”  by  Elmer  Rice  Scene  2 

In  “The  Only  Jealousy  of  Emer,”  a^ 
an  example,  the  problem  involved  w.in 
recognized  by  Yeats,  who  intimates  in 
the  preface  of  his  volume  of  plays  for 
dancers  that  these  plays  could  not  In- 
produced,  since  a  dancer  seldom  has  the 
breath  to  carry  a  large  speaking  part. 
The  use  of  controlled  sound  overcame 
this  hindrance  by  producing  the  lines  cf 
the  dancers  from  the  apparent  direction 
of  the  individual  performers,  the  linis 
being  actually  spoken  by  actors  off¬ 
stage.  Just  as  masks  give  dancers  pre¬ 
determined  appearances,  so  by  controllcil 
sound  the  dancers  were  given  predeter¬ 
mined  voices.  Moreover,  pantomime 
lieing  often  accompanied  by  a  Reader 
who  sets  the  scene  and  delineates  the 
action,  it  was  possible  to  remove  from 
the  stage  the  Reader,  a  possible  source 
of  visual  distraction. 

Equipment  installed 

The  sound  system  installed  in  the 
Stevens  Theater  is  typical  of  the  equip¬ 
ment  required  for  the  dramatic  use  of 
controlled  sound.  Velocity  ribbon  micro¬ 
phones  are  employed,  their  most  ust  ful 


ELECTRONIC  EGG  CANDLER 


In  Warwickshire,  England,  $0,000  eggs  per  week  are  tested  for  edible  qualities 

by  phototubes 
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location  being  in  microphone  tents  off¬ 
stage  in  the  wings.  These  tents  are  made 
of  an  acoustic  cloth  and  give  practically 
studio  conditions,  prevent  feedback,  and 
allow  the  off-stage  performers  to  follow 
the  action  on  the  stage.  Due  to  their 
directional  characteristics,  the  micro¬ 
phones  can  be  used  on-stage  for  rein¬ 
forcing  if  necessary.  High  level  mixing 
is  made  use  of  for  all  microphones.  The 
speakers  consist  of  two  exponential- 
dynamics,  two  l)afBe-dynamics,  and  a 
tweeter  set  above  the  proscenium  arch 
so  as  to  give  goo<l  overall  coverage, 
and  three  combinations  of  baffle- 
dynamics  and  tweeters  set  on  dollies  so 
that  they  can  be  moved  to  any  reejuired 
position  up-stage.  The  tweeters  can  be 
cut  in  or  out  and  their  intensity  levels 
can  l)e  varied  with  respect  to  the  baffle- 
dynamics. 

The  rest  of  the  equipment  is  located 
in  a  sound  booth  on  a  fly  gallery  so  as  to 
allow  the  operator  full  view  of  the  stage. 
There  are  two  dual -speed  turntables 
with  pickups  for  disc  transcriptions, 
the  pre-amplifiers  for  the  microphones, 
two  voltage-power  amplifiers,  and  the 
mixing  system  with  monitor  and  in¬ 
tensity  level  meter.  The  mixing  system 
is  extremely  flexible,  permitting  both  in¬ 
put  mixing  to  and  output  mixing  from 
either  or  both  voltage-power  amplifiers. 
The  input  mixing  allows  for  joint  and 
itidividual  control  of  three  microphones, 
two  pickups,  and  a  sound  track.  The 
output  mixing  allows  for  the  individual 
control  of  the  several  speakers.  For 
|K*rspective  effects  in  the  theater,  output 
mixing  is  preferable  to  the  three-channel 
methfxl.  The  entire  system  has  gocnl  re- 
sjionse  from  50  to  10,000  cycles.  The 
auditorium  intensity  level  at  full  gain  is 
alK)ut  80  db.  The  noise  and  hum  levels 
are  imperceptible. 


•f 


Phototubes  for  testin9 
power  tubes 

Si  kcial  testing  equipment  recently  in¬ 
stalled  in  the  laboratories  of  the  West- 
inijhouse  Lamp  Company  in  Bloomfield. 
N'  J.,  will  enable  engineers  to  collect 
complete  operating  data  on  transmitting 
tul.es  in  the  positive  grid  region.  A  spe- 
ci;;l  60-cycle,  tuned-amplifier  circuit  per- 
niiis  the  study  of  grid  voltages  and 
currents  under  actual  operating  condi¬ 
tions.  In  this  way,  engineers  expect  to 
gather  the  necessary  data  with  which  to 
design  tubes  of  more  uniform  perform¬ 


ance  and  to  obtain  the  type  of  informa¬ 
tion  required  to  permit  the  design  of  more 
efficient  tube  circuits.  Other  new  fea¬ 
tures  include  an  oscillograph  and  facili¬ 
ties  for  using  photo-electric  tubes  in  the 
comparison  method  for  accurately  meas¬ 
uring  radio-frequency  power  output. 

In  1932  Westinghouse  engineers  were 
the  first  to  use  an  oscillograph  to  measure 
the  operating  characteristics  of  trans¬ 
mitting  tubes.  It  photographs  the  cur¬ 
rents  and  voltages  of  transmitting  tubes 
in  approximately  2  lOths  of  a  second, 
thus  eliminating  the  destructive  meter 
methcnl.  Data,  never  l)efore  available  to 
design  engineers,  are  now  obtained  in  this 
manner  and  are  proving  invaluable  in 
the  determination  of  tul)e  performance. 

ITie  special  6()-cycle  tuned-amplifier 
circuit,  which  is  larger  than  any  in  use 
today,  makes  it  possible  to  obtain  dynamic 
characteristics  of  transmitting  tubes  at 
the  common  commercial  frequency  of  60- 
cycles.  It  employs  a  ^-henry,  air-core 
inductance  coil,  capable  of  carrying  loads 
up  to  outputs  of  5  kw.  The  coil  measures 
feet  in  diameter  and  stands  feet 
above  the  floor.  Operating  data  on  trans¬ 
mitting  tubes  up  to  and  including  the 
1  kw  size  may  l)e  obtained  with  this 
circuit. 

Six  separate  voltage  supplies  provide 
a  flexibility  which  permits  the  general 
study  of  transmitting  tubes  over  a  wide 
range  of  voltages.  .Ml  voltages  may  be 


varied  continuously  and  uniformly  from 
zero  to  maximum  output  and  in  addition 
may  be  used  simultaneously.  .\11  power 
supply  circuits  terminate  at  the  meter 
table  seen  at  the  left  in  the  photograph. 

These  voltage  supplies  are  as  follows : — 
two  150()  volt  and  one  10,000  volt  direct 
current  rectifiers;  one  1500  volt  and  one 
3(KK)  volt  direct  current  motor  gener¬ 
ator  ;  and  one  1 500  volt  alternating  cur¬ 
rent  grid-e.xciter  unit.  The  rectifier  cir¬ 
cuits  are  supplied  through  hot  cathode 
mercury  vapor  rectifier  tubes. 

The  comparison  method,  in  which  the 
outputs  of  two  incandescent  lamps  are 
matched  by  phototubes,  is  used  in  con¬ 
nection  with  the  test  equipment.  Thus, 
while  various  types  of  transmitting  tubes 
are  operating  at  radio  frequencies  into  an 
incandescent  lamp  load,  their  output  is 
measured. 

In  this  method  a  lamp  of  a  wattage 
similar  to  the  lamp  load  of  the  transmit¬ 
ting  tube  is  lighted  on  6()-cycle  a.c.  to  an 
ecjual  intensity  as  indicated  by  the  photo- 
tul)e  current.  A  watt  meter,  showing  the 
60-cycle  power  that  enters  the  compari¬ 
son  lamps,  gives  the  radio-frequency 
power  in  watts  in  the  lamp  load. 

complete  system  of  door  interlocks 
assures  maximum  protection  for  test  en¬ 
gineers.  Doors  to  the  cage,  on  the  meter 
table,  and  on  the  front  and  rear  of  the 
units,  are  equipped  with  interlocking 
safety  switches. 


POWER  TUBE  TEST  EQUIPMENT 


By  a  comparison  method,  phototubes  measure  the  output  of  large 
transmitting  tubes  at  the  Westinghouse  Lamp  Company 
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Fig.  2.  Types  of  pic-wound  chokes  having  differ¬ 
ent  frequency  characteristics.  Type  C  is  the  final 
design  evolved  by  the  author 


By  HERMAN  P.  MILLER.  Jr 

Harrisburg,  Pennsylvania 


ably  liigher  than  the  reactance  A'  of  either  L  or  C.  If  it 
is  too  low,  the  choke  coil  will  have  too  much  etTect  on 
the  tuning  of  the  circuit.  For  best  results  A"  should  be 
about  5  times  A'.  A  choke  coil  to  he  suitable  for  a  wide 
range  of  frequencies  must  meet  these  conditions  for 
both  R'  and  A’'  over  the  entire  range. 

These  conditions  may  often  be  met  by  using  a  coil 
consisting  of  a  single  layer  winding.  It  has  been  shown, 
however,  that  even  this  type  of  winding  has  a  succession 
of  points  of  high  and  low  imjiedance.^  The  writer  has 
made  reactance  measurements  on  such  windings,  using 
frequencies  as  high  as  4f),000  kcs.  and  found  that  in 
order  for  these  high  and  low  points  to  he  sei>arated  as 

much  as  possible  the  winding  diameter  should  l)e  small 

in  comparison  with  the  length.  These  are  not  oractical 
forms  from  the  consideration  of  space,  so  that  some 
other  form  that  provides  hw  distributed  capacitance  and 
high  inductance  in  a  small  si)ace  is  preferable.  Coils 
designed  to  meet  these  requirements  are  shown  in  Fig.  2. 

Coil  of  Fig.  2  is  a  common  form  in  which  all  of  the 
pies  are  of  the  same  diameter.  \  common  theory  for 
this  design  is  that  since  each  pie  is  of  the  same  size,  they 
will  all  have  the  same  inductance  and  distributed  capaci¬ 
tance  and  hence  the  same  natural  frequency.  By  initting 
them  in  series,  the  total  impedance  of  the  coil  will  he 

about  5  times  the  impedance  of  one  pie.  0]ierating 

experience  has  raised  questions  as  to  the  correctness  of 
this  theory  and  the  measurements  to  he  <lescrihed  were 
made  to  investigate  these  questions. 

coil  of  this  type  was  obtained  which  was  intended 
for  use  on  the  four  amateur  bands  between  1.700  and 
14.400  kcs.  Its  effective  parallel  reactance  X'  and  re¬ 
sistance  R'  were  measured  by  placing  it  in  the  position 
Z  of  Fig.  1-R  and  noting  its  effects  on  the  circuit  of  L 
and  C.  Without  the  coil,  the  circuit  was  first  loosely 
coupled  and  tuned  to  the  oscillator.  This  oscillator  was 
of  the  push-pull  type  wnth  a  rating  of  10  watts  and  had 
a  biased  milHammeter  in  the  d-c  grid  supply  to  indicate  the 
reaction  of  external  circuits.  The  frequency  of  the 
oscillator  was  then  measured  with  a  calibrated  receiver. 
The  choke  coil  was  placed  at  Z,  the  oscillator  tuned  to 
resonance  with  the  circuit,  and  the  frequency  again 
measured  with  the  receiver.  From  these  two  frequency 
readines  and  the  inductance  of  L  it  w^as  possible  to  com¬ 
pute  X\  To  obtain  R\  the  grid  meter  reading  was 
noted  when  the  oscillator  was  tuned  to  the  circuit  with 

*A  study  of  R-P  Choke  Coils,  by  Reuben  L.ee,  Electronics,  Vnl. 
7,  No.  4,  April  1934,  pp.  120-121. 


HOW  can  a  radio  frequency  choke  coil  he  made 
for  effective  use  over  a  wide  range  of  frequen¬ 
cies?  Although  a  coil  for  a  narrow  range  is  a 
simple  problem,  it  has  sometimes  been  necessary  to  use 
a  number  of  such  coils  to  cover  a  wide  range.  How 
much  more  satisfactory  it  would  he  to  use  only  one  coil 
for  an  extended  frequency  range. 

One  of  the  best  tests  of  the  suitability  of  a  choke  coil 
is  to  connect  it  across  the  plate  circuit  of  a  vacuum  tulx.* 
oscillator  in  the  manner  shown  in  Fig.  1-A.  At  a  par¬ 
ticular  frequency  the  coil  will  have  an  effective  parallel 
reactance  X'  and  an  effective  parallel  resistance  R'. 
These  will  both  be  in  parallel  with  L  and  C  of  the  plate 
circuit.  Under  normal  load  conditions  the  parallel  cir¬ 
cuit  of  L  and  C  will  have  an  effective  parallel  resistance 
of  R.  In  order  that  the  choke  coil  may  not  absorb  too 
much  power  from  the  oscillator  circuit,  R'  should  Ije 
considerably  higher  than  R.  The  value  of  R  will  depend 
upon  the  load  conditions  and  may  vary  from  20,000 
to  50,000  ohms.  R'  should  be  about  5  times  R,  or  from 
100,000  to  250,000  ohms.  These  might  be  called  mini¬ 
mum  allowable  values  since  still  higher  values  would 
be  preferable.  In  the  same  way,  X'  should  be  consider- 


Fig.  1.  (A)  Test  circuit  for  r-f  chokes.  (B)  Method 
of  measuring  resistance  and  reactance  of  sample 
choke  coil 
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Fig.  3.  Resistance  and  reactance  characteristics  up 
to  20  me,  measured  (or  coils  A  and  C 

7.  in  place.  Z  was  then  removed  and  a  non-inductive 
resistor  substituted  for  it.  C  was  readjusted  to  bring 
tlie  circuit  into  resonance  with  the  oscillator  and  the  grid 
meter  again  observed.  Hy  trying  ditTerent  values  of  re¬ 
sistance,  two  were  obtained  wbicb  caused  meter  read¬ 
ings  above  and  below  that  caused  by  /.  K’  was  then 
obtained  by  interjjolation  iK'tween  these  two  values. 

The  results  of  the  measurements  made  on  coil 
\  are  given  in  the  -Y'  and  H’  curves  of  Fig.  3.  The 
A''  curve  has  been  drawn  to  10  times  the  scale  of  R’  in 
order  to  bring  out  the  variations  in  A''.  It  will  l)e  seen 
that  R'  is  low  at  3,700,  5.300,  9,750  and  17,550  kcs. 
.At  each  of  these  fre<|uencies  there  is  a  marked  drop 
in  tlie  X'  curve,  the  drop  l)eing  very  ])ronounce(rat  3,700 
kcs.,  less  so  at  5,300  kcs.,  and  hardly  distinguishable  at 
17,550  kcs.  It  will  l)e  readily  seen  that  these  drops  are 
simply  the  familiar  effects  of  coupled  circuits. 

Since  the  low  |M)ints  at  3,700  and  5.300  kcs.  mu.st  be 
explained  in  some  other  way,  they  are  believed  to  Ik? 
due  to  non-uniform  interaction  l>etween  the  individual 
pies.  Possible  causes  of  this  would  be  variations  in  the 
distributed  capacitance  or  in  the  mutual  inductance  of 
the  individual  pies.  For  example,  the  center  pie  c  has 
more  distributed  cajxicitance  than  pie  a  since  it  has 
pies  on  l)oth  sides  of  it  while  a  has  a  pie  on  only  one 
side.  Also  the  center  pie  c  would  have  more  mutual 
inductance  with  the  other  pies  than  the  end  pie  a. 

To  check  the  mutual  inductance  between  pies,  the  in¬ 
ductance  of  two  pies  in  series  was  measured  for  dif¬ 
ferent  separations.  From  this  it  was  possible  to  deter¬ 
mine  the  mutual  inductance  between  any  two  pies  in  the 
coil.  The  total  mutual  inductance  of  any  one  pie  was 
then  the  sum  of  the  mutual  inductances  between  that 
pie  and  every  other  pie  in  the  coil.  In  other  words,  the 
mutual  inductance  of  a  was  tlie  sum  of  the  mutual  in¬ 
ductance  between  a  and  b,  a  and  c.  a  and  d,  and  a  and  e. 
It  was  found  that  this  amounted  to  362  microhenries. 
Since  one  pie  alone  had  a  self -inductance  of  555  micro¬ 
henries,  the  total  inductance  of  pie  a  was  917  microhen¬ 
ries.  In  the  same  way,  the  total  inductance  of  the  pie  b 
w.is  1 1 24  microhenries  and  of  pie  c  1175  microhenries. 
The  total  inductance  obtained  by  adding  up  the  total 
inductances  of  each  pie  was  5257  microhenries  and  the 
measured  inductance  of  the  entire  coil  was  5270  micro¬ 
henries.  a  close  check.  It  should  be  noted  that  there 
were  three  different  values  of  total  pie  inductance,  just 


one  more  than  the  numlier  of  low  points  in  the  R'  curve 
apiiarently  caused  by  this  variation. 

To  determine  the  effect  of  making  the  values  of  pie 
inductance  more  nearly  uniform,  a  few  turns  were  re¬ 
moved  from  pies  b,  c,  and  d.  This  raised  the  two  low 
points  in  (juestion.  By  removing  still  further  turns  it 
was  possible  to  raise  the  low  jxjints  to  unobjectionable 
values. 

The  presence  of  the  low  ])oints  in  the  R'  curve,  such 
as  occurred  in  coil  A  at  3,700  and  5,300  kcs.,  has  already 
been  noted  in  practice  and  several  methods  have  been 
used  to  eliminate  their  undesirable  effects.  The  first 
method  has  been  to  change  the  shape  of  the  pies,  still 
keeping  all  of  the  same  size,  so  that  the  points  of  low  R' 
do  not  occur  near  the  frequency  on  which  operation  is 
desired.  The  other  method  has  been  to  tai)er  the  diam¬ 
eters  of  the  pies  from  one  end  to  the  other  in  the  man¬ 
ner  shown  in  B  of  Fig.  2.  The  generally  accepted  theory 
on  this  design  is  that  each  pie  is  resonant  at  a  frequency 
slightly  different  from  that  of  the  next  adjacent  pie,  and 
by  adding  them  together  in  .series  the  total  inq^dance 
of  the  coil  is  high  over  a  wider  range  of  frequencies 
than  is  possible  with  a  coil  similar  to  A.  By  actual  tests 
this  has  been  found  not  to  be  the  case.  An  R'  curve 
obtained  in  the  same  manner  as  for  coil  A  was  similar 
to  the  curve  R'  for  coil  A  above  9,750  kcs.  but  below 
this  frequency  there  were  four  low  points  instead  of  the 
two  obtained  with  coil  A.  It  will  l)e  noted  that  in  coil  B 
all  five  pies  have  different  characteristics.  The  number 
of  low  |xiints  due  to  their  interaction  is  one  less  than 
the  numl)er  of  different  pies,  the  same  as  with  coil  A. 

.At  C  in  Fig.  2  is  shown  a  coil  worked  out  by  the 
writer  as  the  result  of  the  above  tests  and  in  which  the 
objectionable  features  of  coils  .A  and  B  have  been  elimi¬ 
nated.  It  will  l)e  noted  in  this  coil  that  the  end  pies  are 
of  the  same  diameter,  the  next  pies  are  smaller  and  the 
center  pie  is  the  smallest.  The  R'  curve  for  this  coil 
is  shown  at  O  in  Fig.  4.  This  curve  rises  above  500,000 
ohms  l)etween  2,500  and  13,000  kcs.,  except  at  four  nar¬ 
row  bands  where  it  does  not  drop  below  365,000  ohms. 
.Above  13,000  kcs..  the  curve  drops  off  to  a  minimum 
at  17,7.50  kcs.  In  other  words,  the  low  point  correspond¬ 
ing  to  that  at  9,750  kcs.  in  curve  M  has  been  shifted  to 
17,750  kcs.  The  low  points  at  3,700  and  5,300  kcs. 
have  been  raised  and  shifted. 


Fig.  4.  The  author  with  his  test  set-up,  showing 
three  different  types  of  chokes  and  measuring 
equipment.  The  choke  being  measured  is  shunted 
across  the  tank  circuit 


electronics  —  August,  1935 


P  tt»t  Tr 


A 


+  +  NOTES  ON  ELECTRON 


adjustable  for  high  quality,  it  seems  ginal  frequencies  of  the  transmitted 

pertinent  to  examine  the  possibilities  of  band  being  known  or  assumed,  the 

crystal  coupled  I-F  amplifiers,  as  dis-  values  of  the  coils,  condensers  and  re¬ 
closed  in  a  recent  patent,*  with  the  sistances  of  the  lattice  are  derived  by 

idea  of  removing  the  intermediates 
from  the  “controlled”  class  and  concen¬ 
trating  the  quality  adjustments  in  the 
so-called  pre-selectors  where  they  are 
really^  needed. 

The  patent  referred  to  above  is  one 
of  several  which  have  been  issued  to 
members  of  the  staff  of  the  Bell  Tele¬ 
phone  Laboratories  and  all  of  which 
pertain  in  a  broad  sense  to  crystals  and 
their  use  as  circuit  elements.  In  addi¬ 
tion,  other  members  of  the  Labora¬ 
tories’  staff  have  published  extensive 
data  on  the  preparation  of  quartz 
crystals  which  have,  for  all  practical 
purposes,  negligible  temperature  co-ef¬ 
ficients.*  This  should  prove  a  distinct 
relief  to  those  readers  who  may  have 
been  envisaging  receivers  further  com¬ 
plicated  with  temperature  control  ovens 
for  the  crystals. 

The  accompanying  diagrams  show 
several  of  the  possible  arrangements  for 
use  as  I-F  coupling  devices.  These  cir¬ 
cuits,  known  to  telephone  engineers  as 
the  bridged-T  type,  can  be  shown 
mathematically  to  be  exact  equivalents 
of  the  so-called  lattice  type.  For  pur¬ 
poses  of  design,  the  bridged-T  is 
changed  (mathematically)  to  its  equiva¬ 
lent  lattice  structure.  A  network  which 
is  the  electrical  equivalent  of  the 
crystal*  is  substituted  for  the  crystal  in 
the  equivalent  lattice  structure  and,  the 
terminating  impedances  and  the  mar- 


Gystal  couplins 
for  hish  quality 
i-f  circuits 


Attempts  to  provide  high  quality  radio 
receivers  have  too  frequently  come  to 
grief  on  the  shoals  of  sideband-cutting 
I-F  amplifiers.  Whatever  degree  of 
success  has  been  attained  has  been  at 
the  expense  of  complicated  adjustments 
for  controlling  the  coupling  between 
the  windings  of  the  I-F  transformers; 
this  allows  the  user  of  the  receiver  to 
take  advantage  of  the  sharpness  of  tun¬ 
ing  of  the  usual  intermediate  amplifier, 
and  to  “open  up”  for  higher  quality 
once  the  desired  signal  has  been  tuned 
in.  However,  neither  sharp  nor  broad 
tuning  of  the  intermediates  eliminates 
any  image  interference  which  may — 
and  all  too  often  does — get  past  the 
first  detector. 

The  answer  to  the  problem  of  image 
interference  still  lies  to  a  great  extent 
in  providing  a  sufficient  number  erf 
tun^  circuits  between  the  antenna  and 
the  first  detector;  and,  of  course,  each 
of  these  circiuts  contributes  its  share 
to  the  general  sideband  slicing.  Quality 
control  for  these  R-F  circuits  is  within 
the  realm  of  possibility,  in  fact  the  prob¬ 
lem  is  quite  simple  if  one  is  willing  to 
revert  to  early  standards  and  assume 
that  the  “best”  receiver  is  the  one 
with  the  greatest  number  of  knobs. 

Since  the  pre-detector  stages  are  al¬ 
most  essential,  and  as  they  too  must  be 


means  of  formulae  published  some  years 
ago.*  The  coils  and  condensers  which 
make  up  the  electrical  equivalent  of 
the  crystal  are,  of  course,  among  those 
of  the  lattice  whose  values  are  derived; 
it  remains  only  to  reduce  these  values  to 
terms  of  length,  width  and  thickness  for 
an  appropriately  sized  plate*  which  will, 
if  properly  cut  and  finished,  accurately 
control  the  resonant  frequency  and  band 
width  of  the  intermediate  system. 

These  coupling  units,  properly  enough 
termed  band-jKiss  filters,  exhibit  a 
response  curve  which  is  little  short 
of  phenomenal  when  compared  with 
curves  from  present  day  intermediate 
units.  Under  proper  conditions  of  ter¬ 
mination,  the  curve  is  symmetrical 
about  the  axis  of  resonant  frequency 
and  the  top  of  the  curve  is  essentially 
flat.  Since  no  resistance  appears  in 
the  electrical  equivalent  network  of  the 
crystal — although  strictly  speaking  there 
is  some  resistance  present — this  equiva¬ 
lent  network  has,  for  design  purposes, 
practically  an  infinite  Q.  Other  re¬ 
sistances  in  the  structure  are  ingeni¬ 
ously  balanced  out*  so  that  the  over-all 
effect  is  a  circuit  with  a  Q  as  high  a.*^ 
is  humanly  possible  to  attain,  at  least 
at  this  stage  of  the  art.  This  freedon; 
from  resistance  effects  has  the  ad¬ 
vantage  of  an  extremely  low  insertion 
loss  over  the  range  of  the  transmitted 
frequency  band,  and  it  results  further  in 


RADIO-CONTROLLED  PLANE  FLIES  WITHOUT  PILOT 


The  British  Army  has  demonstrated  a  radio-controlled  plane  which 
will  uke  off,  fly,  and  land  without  a  pilot  on  board.  The  frfane  is 
shown  above  flying  at  Famsborou^,  Hants 
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an  increased  slope  to  the  sides  of  the 
response-frequency  curve. 

In  addition  to  these  highly  desirable 
square  response  curve  characteristics, 
the  structure  shows  a  very  high  attenu¬ 
ation  to  frequencies  outside  of  the 
transmitted  range.  Heretofore  it  has 
l>een  necessary  to  use  more  than  one 
section  of  filter  to  obtain  this  high  at¬ 
tenuation  outside  of  the  band;  and  each 
added  section  likewise  increased  the  in¬ 
sertion  loss  over  the  desired  range, 
sometimes  enough  so  to  require  addi¬ 
tional  amplifier  gain  to  compensate 
for  it. 

•l'.  .S.  Patent  1967250. 

•Bell  System  Tech.  Jour.,  3,  XIII,  page 
453  rt  8fQ. 

*BelI  System  Technical  Jour.,  3,  XIII, 
paRe  408. 

•Bell  System  Technical  Jour.,  2,  III,  pa^e 
259  ft  aeq. 

»P.  S.  Patent  1921035. 

•Bell  System  Technical  Jour.,  3,  XIII, 
paRe  405  et  aeq. 

♦ 

Milwaukee  amateurs 
present  ten-meter 
prosram 

R.mmo  amateurs  in  the  vicinity  of  Mil¬ 
waukee  have  lieen  presenting  a  .Satur¬ 
day  night  program  consisting  of  notes 
on  local  amateur  activities,  the  exchange 
of  ideas  between  exfterimenters  and  talks 
by  leading  amateurs  over  station 
\V9XAZ,  the  ten  meter  experimental 
.station  of  the  Mihvaiikce  Journal. 
\\'9X.-\Z  which  operates  on  a  frequency 
of  31.6  megacycles  with  a  power  of  500 
watts,  has  been  received  consistently  by 
amateurs  in  the  vicinity  during  experi¬ 
ments  with  high  fidelity  transmission. 
The  daily  program  schedule  developed 
a  wide  following  among  amateurs  and 
their  reports  on  the  transmission  led 
to  the  formation  of  Saturday  night 
amateur  programs.  Reception  of  the 
program  has  lieen  recorded  as  far  .is 
3.^  miles  from  the  transmitter.  Since 
the  transmitter’s  fretjuency  is  very  close 
to  the  ten-meter  amateur  band,  the 
amateurs  in  the  Milwaukee  area  have 
been  using  the  transmission  as  a  wave 
nil  ter  for  checking  their  individual 
amateur  installations. 

4 

Tests  on  r-f 
circuit  hook-up  wire 

Rv  Raymond  G.  Zender 
/-<<•-  Electric  Mfg.  Company 
Chi.  ago,  Illinois. 

Supplementing  previously  presented 
information,  there  is  given  herewith  the 
results  on  investigation  in  the  field  of 


hook-up  wire  especially  designed  to  pos¬ 
sess  characteri-stics  suitable  for  use  in 
connecting  the  radio  freijuency  com¬ 
ponents  of  radio  receivers. 

.After  considerable  experiment  it  was 
found  that  insulation  material  of  special 
cellulose-acetate-treated  textiles,  thor¬ 
oughly  saturated  in  low  loss  moisture 
resisting  compounds,  most  nearly  ap¬ 
proached  the  low’  losses  of  the  ideal, 
which  would  be,  of  course,  bare  conduc¬ 
tor,  air-supported.  .Air-supported  bus¬ 
bar  wiring  is,  of  course,  impractical  in 
production  radio  receivers  because  of 
obvious  practical  considerations. 

.Although  the  hook-up  wire  in  a  radio 
chassis  seldom  touches  a  grounded  metal 
conductor  along  more  surface  than  that 
presented  by  a  single  straight  line,  most 
of  the  tests,  results  of  which  are  shown 
herein,  were  secured  by  completely  im¬ 
mersing  the  conductor  under  test  in 
mercury,  thus  giving  the  tested  material 
the  worst  possible  treatment. 

The  insulating  material  is  impregnated 
in  a  special  moisture  resistant  impreg¬ 
nating  composition  which  is  not  adhesive 
in  character  and  therefore  allows  this 
particular  insulation  to  possess  excellent 
push-back  features.  No  rubber  insula¬ 
tion  of  any  sort  was  u.sed  because  of  tem¬ 
perature  limitations. 

The  following  results  of  tests  made  at 
70°  F.  at  50%  relative  humidity,  and 
120°  F.  90%  relative  humidity  indicate 


that  this  w  ire  is  of  great  value  in  r-f  cir¬ 
cuit  use.  Especial  attention  should  be 
paid  the  power  factor  expressed  in  per¬ 
centage  loss  and  phase-angle  figures : — 

At  70°  F.  50%  Relative  Humidity 

Power  Factor — 0.5  per  cent  at  25 
meters  (12  megacycles)  completely 
immersed  in  mercury. 

Phase  Angle — 18°  7'. 

Insulation  Resistance — 83,000  meg¬ 
ohms  per  foot  at  400  volts  dc  com¬ 
pletely  immersed  in  mercury. 

Capacity  (to  ground) — 22  uui,  per 
foot  at  25  meters,  (12  megacycles). 

.AC  V’oltage  Breakdown — 160()  volt^ 
per  foot,  completely  immersed  in 
mercury. 

At  120°  F.  90%  Relative  Humidity 

Power  Factor — 1%  at  25  meters  (12 
megacycles),  completely  immersed 
in  mercury. 

Capacity  (to  ground) — 28  uui  per  foot 
at  25  meters  (12  megacycles). 

Moisture  .Absorption — less  than  1%  by 
weight. 

Great  attention  is  always  paid  by  engi¬ 
neers  to  the  reduction  of  losses  in  the 
component  parts  used  in  the  construction 
of  radio  receivers.  While  the  losses 
which  may  occur  in  hook-up  may  not  ap¬ 
proach  in  magnitude  these  other  losses, 
the  circuit  losses  are  nevertheless  im¬ 
portant.  Careful  attention  paid  them  will 
result  in  an  easily  measurable  difference 
in  over-all  performance. 


NEW  VIBRATION  METER  RECORDS  IN  THREE 
DIMENSIONS 


Profesaor  James  E.  Shrader  of  Drexel  Institute  demonstrating  his 
tri-dimensional  vibrograph,  a  portable  instrument  for  whose  inven¬ 
tion  he  received  a  medal  from  the  Franklin  Institute 
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Dr.  Samuel  M.  Kintner 

TO  FEW  engineers  in  the  electronics  and 
radio  fields  has  been  given  the  opportunity 
of  watching  over  the  young  industry  from  its  very 
beginnings  in  radio  signaling,  and  then  presiding 
over  the  later  developments  of  the  electron  tube 
in  large-scale  industrial  applications. 

Dr.  Samuel  M.  Kintner,  vice-president  of  the 
Westinghouse  Electric  &  Manufacturing  Com¬ 
pany,  has  been  active  in  radio  and  electronics 
from  the  very  first.  A  student  and  early  asso¬ 
ciate  of  Reginald  Fessenden,  the  brilliant  Purdue 
professor,  who  saw  so  clearly  the  true  nature  of 
radio  oscillations.  Dr.  Kintner — then  young 
“Sam” — took  a  leading  part  in  the  Brant  Rock 
experiments,  which  laid  the  foundations  for  com¬ 
mercial  space  communication.  Soon  Dr.  Kintner, 
though  still  embarrassingly  youthful,  was  himself 
heading  large  business  enterprises  in  radio,  at  a 
time  when  most  of  the  present  radio  industry 
was  still  wearing  short  pants. 

A  second  constructive  period  in  the  Kintner 
career  came  when  the  Westinghouse  company 
prevailed  upon  him  to  head  its  research  and  engi¬ 
neering  work.  Here,  applying  the  insight  and 
faster  technical  thinking  of  the  radio  expert,  he 
was  able  to  point  out  new  possibilities  and  new 
solutions  for  straight  electrical  problems.  Mean¬ 
while,  Dr.  Kintner  has  continued  to  be  a  staunch 
enthusiast  fpr  electronic  methods  where  econom¬ 
ically  advantageous. 

Upon  Dr.  Kintner  has  fallen  in  large  part  the 
mantle  of  the  incomparable  H.  P.  Davis,  whose 
vision  created  commercial  broadcasting  and  kin¬ 
dled  a  hundred  other  revolutionary  advances. 


Dr.  Kintner  has  a  many-sided  genius,  an  unerring 
grasp  of  essentials,  and  a  friendly  geniality  that 
wins  all  whom  he  contacts.  His  brilliant  leader¬ 
ship  at  East  Pittsburgh  has  added  new  luster  to 
the  great  name  of  Westinghouse. 


Coaxial  television 
cable  authorized 

Wn  H  completion  of  the  coaxial  conductor 
cable  between  New  York  and  I*hiladelphia 
by  the  American  Telephone  &  Telegraph  Com¬ 
pany,  authorized  by  the  h'CC  late  in  July,  tele¬ 
vision  images  can  be  carried  between  these  two 
large  Eastern  cities.  When  television  signals  are 
not  occupying  the  tremendously  wide  channel  pro¬ 
vided  by  the  cable,  as  many  as  240  telephone  mes¬ 
sages  may  be  carried  simultaneously  in  one 
direction,  or  2,400  simultaneous  telegraph  mes¬ 
sages  can  be  handled  by  it. 

When  application  for  permission  to  install 
the  cable  w'as  made.  Western  Union  and  Postal 
Telegraph  objected;  but  all  obstacles  to  its  con¬ 
struction  were  removed  with  the  withdrawal  of 
the  telegraph  carrier  objections.  As  licensed  by 
the  FCC  the  cable  must  be  available  to  all  parties 
having  television  images  to  transmit. 

Thus,  one  more  link  is  forged  in  the  chain 
which  must  ultimately  tie  together  the  nation’s 
cities  into  an  image-transmitting  network. 

European  broadcasters 
quote  commercial  rates 

Broadcasting  is  now  reaching  the  inter¬ 
national  stage.  Not  only  are  broadcasts 
from  abroad  being  featured  on  American  stations, 
but  American-sponsored  programs  are  going  out 
over  European  transmitters  for  short-wave  con¬ 
sumption  here  and  abroad. 

A  chain  of  European  stations — “Radiodiffusion 
Europeene” — has  also  opened  offices  in  Radio 
City,  for  the  sale  of  time  on  the  “Chaine  Rouge” 
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and  the  “Chaine  Bleue”  in  France,  Italy  and 
Spain.  A  IS-minute  program,  including  concert 
music,  on  the  60-kw.  Radio-Toulouse  transmitter 
on  Isle  de  France,  is  quoted  at  $265,  while  the 
l-kw.  Radio-Bordeaux  and  Radio-Agen  stations 
each  cost  $55.  The  60-kw.  Poste  Parisien  costs 
$365  for  15  minutes.  The  6-kw.  Radio-Morocco 
in  Northern  Africa  costs  only  $53  per  quarter- 
hour. 

Italy’s  Chaine  Rouge,  including  the  50-kw. 
Milan,  50-kw.  Turin,  20-kw.  Genoa,  and  10-kw. 
Trieste,  Florence  and  Bolzano  (total  150  kw.), 
is  quoted  at  $  1 ,390  per  quarter  hour.  Radio-Rome 
(50  kw.).  Radio  Naples  (20  kw.)  and  Radio-Bari 
(20  kw.),  make  up  the  Italian  Chaine  Bleue,  at 
$693  for  15  minutes.  In  each  instance  above,  musi¬ 
cal  program  material  is  furnished,  together  with 
two  30-second  announcements. 

Radio  engineers  will  want  to  watch  closely  these 
new  trends  in  broadcasting  commercial  practice, 
for  it  is  in  the  business  offices  that  their  own  bread 
is  buttered. 


Vol  ume  expansion  —  a  new 
agency  for  realism 

ENGINFIFRS  at  the  recent  I.R.E.  conven¬ 
tion  in  Detroit  were  treated  to  a  demon¬ 
stration  of  circuits  which  automatically  expanded 
the  volume  range  of  broadcast  or  recorded 
music.  This  idea  (see  Electronics,  June,  1935) 
is  designed  to  correct  the  volume  range  contrac¬ 
tion  made  necessary  at  the  transmitter  by  the 
limits  imposed  on  the  broadcast  system  by  noise 
and  by  overloading. 

Considerable  applause  greeted  this  demon¬ 
stration  by  RCA  Radiotron  engineers  indicating 
that  a  new  element  in  high  fidelity  reproduction 
may  have  made  its  appearance. 

In  this  connection  it  is  interesting  to  note  that 
the  high-fidelity  receiver  of  the  Electrical  and 
Musical  Industries,  England,  selling  for  approx¬ 
imately  $600  (and  selling  very  well  indeed)  has 
such  a  circuit  in  it,  known  as  a  “contrast  ex¬ 
pander.’’  Thus  it  appears  that  the  idea  is  not 
only  worthy  of  attention,  but  that  it  has  been 
tried  commercially  and  with  success.  Receivers 
of  the  near  future  may  have  such  circuits  as  part 
of  their  already  complex  make-up. 
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The  radio  engineer  and  business 

OUR  front-page  editorial  under  the  above 
title,  urging  the  radio  engineer  to  take 
business  initiative  in  radio  enterprises,  as  do  his 
fellow'  engineers  in  the  chemical,  mechanical  and 
other  industries  (where  engineer  proprietorship 
is  common) — has  evoked  warm  praise  from  sev¬ 
eral  readers  who  have  themselves  had  financial 
responsibility  in  radio. 

“Your  editorial  in  June  Electronics  is  about 
the  most  sensible  advice  for  the  radio  engineer 
Eve  seen  in  years,”  w'rites  one  engineer  whose 
investments  built  on  business  sagacity,  now  afford 
him  a  life  of  energetic  independence. 

“Most  radio  business  organizations  today  are 
run  by  those  who  know'  nothing  about  radio, 
really.  The  engineer,  who  has  spent  his  life  in 
radio,  is  always  in  the  background — led  along  by 
a  lot  of  blind  executives.  One  would  think  that 
sound  business  judgment  on  the  part  of  the  com¬ 
pany  owners  would  put  engineers  at  the  helm. 
Or  at  least  would  give  the  radio  engineer  a  stand¬ 
ing — in  helping  to  shape  policies  and  make 
decisions — along  with  the  sales  chief  and  the 
treasurer.  The  situation  you  depict,  I  have  seen 
over  and  over  again,  in  my  many  years  in  radio.” 

And  so  we  repeat :  Radio  will  be  a  better  busi¬ 
ness  when  radio  engineers  become  more  business- 
minded  and,  as  owner-executives,  take  their  right¬ 
ful  posts  at  the  top ! 

FCC  VIEWS  COAXIAL  CONDUQOR 


Appearing  before  the  members  of  the  FCC,  Dr.  Frank 
Jewett,  president  of  the  Bell  Telephone  Laboratories, 
explained  the  virtues  of  the  new  coaxial  conductor. 
Left  to  right  are  Frank  A.  Walker,  Irving  Stewart  and 
Judge  Eugene  Sykes  of  the  Commission,  and 
Dr.  Jewett 
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length  L  =  2  h.,  each,  with  an  e.m.f. 
between  them  and  so  spaced  that  the 
characteristic  or  surge  impedance  is  the 
same  as  that  of  the  aerial.  The  surge 
impedance  Z  of  a  long  vertical  grounded 
aerial  of  height  or  length  h  and  radius 
o  is  equal  to  120  ( —  1.36  -|-  In 
(/i  X)i/a).  When  h  is  smaller  than 
X/8,  the  surge  impedance  is  equal  to 
120  ( —  0.3  -{-  In  h/a)  and  is  practi¬ 
cally  constant.  The  capacity  of  the 
vertical  aerial  is  equal  to  the  ratio  X  tan 
6.28  /jA:  3.14  cZ,  and  independent  of  x 
only  when  /lA  is  very  small. 

When  the  aerial  possesses  a  hori¬ 
zontal  portion,  it  is  to  l>e  considered  as 
an  aerial  loaded  at  the  top  by  a  con¬ 
denser.  The  horizontal  length  L  with 
its  .surge-impedance  Z  has  the  same 
effect  as  lengthening  the  aerial  by  a 
piece  »M,  such  that  Z  tan  6.28  wi/X  = 
Z  tan  6.28  L/\  the  effect  dei)ends  there¬ 
fore  on  the  wave-length  X.  When  the 
entire  length  h  m  is  much  smaller 
than  X,  its  capacity  l>ecomcs  equal  to- 
60  (/i)  2  -}-  L  'Z  cm.  In  order  to  tune 
the  aerial  to  the  wave-length  X  by  means 
of  a  coil  L,  inserted  at  the  intersection 
of  the  vertical  and  the  horizontal  por¬ 
tion.  it  is  necessary  that 
2  u)  L,  =  Z  cotan  6.28  L/X  —  Z  tart 
6.28  /i/X 

When  the  coil  is  placed  at  the  foot  of 
the  vertical  portion,  the  relation  must 
hold  that : 

2  o)  L  =  Z  cotan  6.28  (h  -f"  »m)A 
These  formulas  were  checked  by  means 
of  a  vertical  aerial  19.5  m.  high  and  0.8’ 
mm.  diameter  (with  Z  =  800  ohms) 
and  one  or  several  horizontal  portions 
21  m.  long  (920  resp.  580  ohms). — 
H.  F.  Tech.  El.  Ak.  45  (No.  2) :  51-6L 
1935. 


more  permanent  setting  than  is  possible 
with  the  conventional  mica  type  trim¬ 
mer  condenser,  and  in  addition  the 
change  in  frequency  with  the  change 
in  the  setting  of  the  tuning  screw  is 
much  slower  with  permeability  tuning 
than  with  condenser  tuning,  which 
makes  for  accurate  adjustment.  The 
additional  gain  which  ‘is  possible 
through  the  use  of  iron  core  coils,  adds 
to  the  usefulness  of  this  type  of  con¬ 
struction. 


ELECTRONIC  RADIUM  DETECTOR  IN  USE  AT  HOSPITAL 


Wetless 


The  following  letter  was  received  b\ 
the  editors  regarding  an  announcemeir 
made  in  this  column  in  the  January  issue 
The  Editor,  Electronics: 

In  the  January  issue  of  your  periodical 
Electronics  on  page  23,  we  notice  a  para 
graph  reading'as  follows: 

“VV'ETLESS — In  Australia  they  call 
the  dry  electrolytic  condensers  the  re 
versed  English  term  Wetless.” 

This  name  has  nothing  whatever  to  d  > 
with  dry  electrolytics  as  we  do  not  make 
this  particular  class  of  condenser,  but 
concentrate  on  fixed  paper  and  mie.i 
condensers. 

It  might  also  interest  you-  to  know  tli 
the  name  Wetless  is  registered,  and  it  is. 
derived  from  the  surname  of  Mr.  A.  P.  J.. 


Lost  radium,  in  refuse  pile,  being  detected  by  radium  detector,  a  development 
of  the  National  Physics  I^iboratory  in  Teddington,  England 
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W'etless  who  is  the  founder  and  managing 
director  of  this  firm. 

Vour  paragraph  was  received  with 
great  amusement  in  this  country,  and  we 
received  quite  a  lot  of  free  advertising 
from  this  source,  even  to  the  extent  of 
comments  from  several  of  our  leading 
radio  stations. 

WETI.F.SS  EI.ECTRIC  MEG.  CO.,  I.DT. 

Local  papers  please  copy. 


Measuring  r>f  losses  in  condensers 


Huge  tube  near  completion 

The  research  staff  of  the  Round  Hill 
Research  .'Station  of  the  Massachusetts 
Institute  of  Technology  is  nearing  the 
end  of  its  work  on  the  Inige  vacuum 
discharge  tube  which  will  l)e  used  for 
experiments  in  nuclear  homhardments. 
in  conjunction  witli  the  .s.OiMt.tMM)  volt 
d-c  generator  developed  hy  RoI)ert  J. 
\’an  de  Graaff. 

The  tul)e,  which  is  designed  to  handle 
large  electron  currents  at  several  mil¬ 
lion  volts,  will  consist  of  five  identical 
units  joined  end  to  end  and  sealed  with 
Tiietal  caps  to  extremities.  .\t  one  end  a 
source  of  electrons  will  he  provided  and 
at  the  other  a  target  which  will  he  hom- 
harded  hy  the  electron  seam  stream, 
k'ach  section  of  the  tulw  is  a  hollow 
textolite  cylinder  one  foot  in  diameter 
and  connected  for  continuous  pumping 
to  provide  the  extremely  high  vacuum 
which  is  necessary  for  this  work. 

Focusing  shields,  which  are  used  to 
focus  the  electron  lieam  upon  the  target 
are  provided  inside  the  entire  length 
of  the  tube.  Gne  of  the  features  of 
the  design  are  several  specially  designed 
resistors  which  run  down  inside  the 
tul>e.  connecting  the  metal  shields  in 
series.  The  leakage  current  through 
these  resistors  provides  the  proper  volt¬ 
age  distribution  throughout  the  length 
of  the  tube.  Resistors  capable  of  trans¬ 
mitting  the  required  current  at  the 
enormou.sly  high  voltages  which  will  1h' 
used  were  successfully  developed  after 
many  months  of  experimentation.  The 
resistors  used  maintain  approximately 
ctMistant  resistance  under  operating  con¬ 
ditions. 

During  the  coming  year  it  is  reported 
that  the  section  of  the  tube  now  com¬ 
pleted  will  Ih?  used  in  a  series  of  nuclear 
disintegration  experiments  in  the  lower 
voltage  range,  while  additional  units 
of  the  tube,  which  will  permit  extension 
to  higher  voltage,  are  under  construction. 


large  values  when  Cj-/C,  is  high.  In 
order  to  get  rid  of  the  uncertainty 
caused  by  G„,  the  two  disks  of  the 
standard  condenser  are  mounted  upon 
two  separate  pieces  of  insulating  ma¬ 
terials  fastened  to  an  earthed  metal 
gauze ;  the  two  halves  then  represent 
two  resistances  1  G,,'  and  1  Go"  and 
two  capacitances  to  ground.  The  val¬ 
ues  of  Co',  Co  and  Co"  can  be  tleter- 
niined  by  the  method  used  for  measur¬ 
ing  capacities  between  electrcxles  in  a 
vacuum  tube,  for  the  condenser  used 
(disks  of  10  cm.  diameter)  Co^=4.8/ixf, 
Co=2()  to  80  Mf.  Co"=W. 

Measurements  at  4.2(J()  kc.  showed 
that  the  losses  in  the  metal  parts  are 
not  negligible  and  may  even  be  larger 
than  the  losses  in  the  insulating  sup¬ 
ports,  expressed  by  the  loss  angle. — 
Alta  Frequeuza  4  (Xo.  1);  5-10.  1035. 


photcx:ell  watches  weighing-scale  dials 


Measurement  of 
contdenser  losses 
at  4000  kc. 

[M.  Boella,  Electrotechnical  Insti¬ 
tute,  Italian  Navy,  Livorno.]  In  the 
ordinary  substitution  method  in  which 
the  unknown  condenser  is  checked 
against  a  variable  low  loss  comparison 
condenser,  the  losses  of  this  condenser 


By  means  of  automatic  weighing  of  sand  and  gravel  in  a  Colorado  River 
concrete  plant,  accomplished  by  infra-red  ray  photocells,  the  correct  mixture 
of  sand,  gravel,  and  cement  is  maintained  without  human  aid 
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In  France,  for  instance,  the  dis¬ 
turbance  caused  by  a  noisy  appliance  is 
studied  by  means  of  a  battery-operated 
standard  receiver.  While  a  loop  aerial 
might  have  certain  advantages,  a  dipole 
is  used,  consisting  of  two  vertical  rods 
1  m.  long  and  serving  as  aerial  and 
counterpoise.  Experiments  have  shown 
that  when  a  coil  is  connected  over  .007 
Mf.  condensers  to  the  binding  posts  of 
the  dipole  on  the  set,  an  e.m.f.  in  the 
coil  has  the  same  effect  as  the  same 
field  strength  per  m.  acting  upon  the 
standard  receiver.  The  set  is  calibrated 
in  this  manner.  Any  completely  screened 
normal  battery  set  can  be  used  as 
standard  provided  that  its  selectivity  is 
comprised  between  the  following  limits ; 
5  kc  from  the  carrier  the  attenuation  of 
the  signal  shall  be  between  15  and  35 
db,  10  kc  from  the  carrier  between  30 
and  60  db,  20  kc  from  resonance  be¬ 
tween  40  and  70  db  and  at  ±  30  kc  be¬ 
tween  70  and  90  db.  Detection  should 
be  linear  over  the  entire  range  covered 
by  the  signal  and  the  static  (about  26 
db).  After  having  passed  through  a 
filter-circuit  which  has  the  same  rela¬ 
tive  sensitivity  as  the  ear  the  current 
produced  in  the  output  tube  is  measured, 
in  the  absence  of  any  carrier  wave,  by 
means  of  a  milliammeter  with  a  time 
constant  of  0.2  sec.  Reception  is  said 
to  be  disturbed  if  noises  make  them¬ 
selves  felt  when  the  field  strength  is 
1  millivolt  per  meter.  This  intensity 
corresponds  to  the  field  strength  pro¬ 
duced  during  the  day  in  southern  France 
by.  Radio  Paris  (1,648  m.).  Any 
source  producing  more  than  1/20  of  the 
deflection  obtained  in  the  receiver  by  a 
1  millivolt  signal  modulated  at  800  cycles 
per  sec.  at  30%  is  considered  as  intol¬ 
erable  (26  db).  Drawbacks  of  this 
method  are  that  the  disturbance  pro¬ 
duced  by  the  loudspeaker  is  not  taken 
into  account  and  that  irregular  noises 
of  short  duration  are  hard  to  measure. 


V  A 


Interference  caused  by  an  air 
fan 


Engineers  in  Germany  and  Switzer¬ 
land  measure  the  noise  at  the  source. 
Any  source  of  artificial  static  is  treated 
as  a  generator  of  radio  waves,  sending 
out  its  waves  by  way  of  the  transmis¬ 
sion  lines.  The  extent  of  its  disturbance 
is  measured  by  the  open  circuit  r-f 
voltage  measured  at  its  terminals,  its 
short  circuit  r-f  current,  and  its  high¬ 
est  or  resonant  voltage.  The  open  cir¬ 
cuit  voltage  can  if  necessary  be 
measured  by  connecting  a  high  re¬ 
sistance  r-f  meter  to  the  terminals,  the 
voltage  at  resonance  by  adding  capacity 
or  induction  to  the  circuit  until  resonance 
is  obtained;  this  reading  yields  at  the 
same  time  the  internal  non-ohmic  re¬ 
sistance  of  the  source.  For  ordinary 
work  a  less  direct  method  is  used.  The 
three  characteristic  values  vary,  of 
course,  with  the  frequency,  and  give  a 
frequency  spectrum.  It  is  sufficient  to 
establish  the  frequency  characteristics 
for  bands  nine  kc  wide  by  meaiis  of  in¬ 
struments  giving  a  uniform  response 
over  this  band-width.  In  practice  audio 
frequency  voltages  and  currents  are  pro¬ 
duced  and  measured,  by  using  a  local 
oscillator  tuned  to  the  center  of  the  band 
which  is  being  studied.  Provided  that 
the  voltage  of  this  search  frequency  is  at 
least  ten  times  higher  than  the  high 
frequency  noise  voltage  the  audio  fre¬ 
quency  readings  are  independent  of  the 
voltage  of  the  search  tone  and  propor¬ 
tional  to  the  voltage  of  the  disturbance. 
While  within  a  band  this  beat  frequency 
instrument  is  made  to  respond  in  the 
same  relative  manner  as  the  ear,  it  is 
calibrated  with  a  single  audio  frequency 
so  that  the  actual  readings  are  a  little 
above  the  correct  value. 

For  measurements  with  the  search 
frequency,  the  noisy  appliance  is  con 
nected  to  the  input  filter  or  anti-resonant 
circuit  which  allows  to  tune  to  the  fre¬ 
quency  to  be  measured  (open  circuit), 
or  to  establish  short  circuit  conditions 
by  shunting  with  a  large  condenser,  or 
to  tune  to  the  natural  frequency  of  the 
source.  The  filter  is  followed  by  an 
attenuator  for  the  ratio  1 :10,00().000, 
the  mixing  stage,  r.f.  amplifier,  rectifier, 
band-filter,  a.f.  stage  and  vacuum  tube 
voltmeter  serving  as  noise  meter 
(gerausch  wert  zeiger).  Since  the 
source  may  produce  r-f  voltages  not 
only  between  the  terminals,  but  also  be¬ 
tween  the  terminals  and  the  frame  of 
the  appliance,  a  switch  is  provided  for 
inserting  a  large  condenser  between  the 
terminals.  The  method,  slightly  modi¬ 
fied,  is  also  applicable  to  the  study  of 
high  tension  insulators  which  cause 
static.  The  instrument  is  connected  l)e- 
tween  the  earth  and  the  support  of  the 
insulator,  a  high  tension  condenser  be¬ 
tween  the  ground  and  the  tie-wire  com¬ 
pleting  the  r-f  circuit.  The  r-f  short  cir¬ 
cuit  current  can  be  measured  as  usual, 
the  values  of  the  open-circuit  voltage 
and  the  resonant  voltage  are  less  ac¬ 
curate  than  in  other  cases  since  the 
small  capacity  of  the  insulator  between 
tie-wire  and  support  represents  practi- 
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Static  caused  by  a  high  tension 
insulator  (600  kc.) 

cally  the  entire  internal  resistance  of 
the  source. 

.\  new  portable  instrument  of  this 
type  is  described  by  A.  Dennhardt  and 
E.  H.  Himmler  in  El.  Nachr.  Tech. 
12  Xo.  2:  55-60.  1935. 

An  international  comparison  of  the 
two  methods  is  to  take  place  in  Berlin. 
—Onde  cl.  14  No.  159:  140-151.  No. 
160:  216-220.  1935.  nullctin  Ass. 

Suisse  El.  26  No.  8:  192-1%.  1935. 


4-  j 

French  conduct  contest  to  find 
substitute  for  "Television" 

The  new  Paris  television  station  ha' 
been  christened  of  ‘‘Poste  nationale  de 
Radiotelevision.”  Despite  the  fact  that 
this  name  does  not  sound  as  bad  as  some 
French  papers  make  their  readers  be¬ 
lieve,  the  new  French  Postmaster  Gen¬ 
eral  Monsieur  George  Mandel,  being 
a  man  with  sense  of  humor,  agreed  to 
the  suggested  contest  to  find  a  more  fit¬ 
ting  name  than  the  word  “television.” 

Some  thousand  letters  have  lK*en 
flowing  for  weeks  into  the  office  ot 
the  Postmaster  General.  .A.mong  some 
names  absolutely  impossible  there  have 
been  some  quite  acceptable  ones.  The 
most  featured  names  have  been  “Tdeo- 
rama,  Teleoptique,  Teletheatre,  Radio- 
optique,  Radiorama,  Radiotheama.”  No 
decision  as  to  the  name  to  be  used  has 
been  made,  first  because  the  “Academy 
Franqaise,”  which  is  the  acknowle<lge(l 
leader  in  all  matter  of  language,  has  to 
be  asked,  and  because  the  French  Post 
Office  makes  not  a  bad  business  if  the 
contest  continues  a  few  months  more. 
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+  NEW  PRODUCTS 

THE  MANUFACTURERS  OFFER 


Molded-case 
paper  condensers 

In  assemblies  where  high-voltage  in¬ 
sulation  and  a  niininuiin  of  metal  are 
desirable,  Aerovox  molded  case  paper 
condensers  are  proving  popular.  These 
units,  available  in  200,  400,  6(K)  and 
1.000  volt  ratings,  and  capacities  of 
.O.s  to  1.  mfd.,  are  especially  applicable 
to  radio  and  audio  frecjuency  by-passing 


■  in  resistance  or  imjFcdancc  coupled 
aniidifiers,  and  for  any  other  purpose 
where  a  compact,  high  insulation  re¬ 
sistance.  non-inductive  condenser  is  re¬ 
quired.  The  molded  case  prevents 
leakage  between  terminals  and  makes 
for  neatness  in  any  assembly.  It  also 
means  a  minimum  of  metal  in  a  high- 
{re(iuency  electro-magnetic  field.  These 
j  units  are  made  by  Aerovox  Corporation, 
I  70  Washington  Street.  Brooklyn,  New 
I  York. — F.h'ctronics. 


Condenser  catalog 

6  The  Solar  Manufacturing  Corpora- 
I  tion,  599-601  Broadway,  New  York 
City,  manufacturers  of  fixed  capacitors 
for  radio  use,  announce  the  issuance 
of  their  latest  Special  Service  Catalog 
No.  6-S. 

Features  of  special  interest  to  the 
service  trade  include  Ultra-Compact 
Dry  Electrolytics  in  various  voltage 
ratings.  Special  Self-Healing  Type  Wet 
Electrolytic  Condensers,  Auto  Vibrator 
and  Suppressor  Condensers,  together 
with  a  wide  assortment  of  Paper,  Trim¬ 
mer  and  Padding  Condensers. 

These  catalogs  may  be  secured  direct 
from  the  Solar  Manufacturing  Cor¬ 
poration’s  New  York  City  address. — 
Electronics. 
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New  shielded  bridge 

NEW  SHIELDED  bridge  assembly  for 
precise  yet  rapid  measurements  of  power 
factor  of  dielectrics  up  to  50  KC,  and 
offering  a  number  of  important  new  ad¬ 
vantages  is  announced  by  Leeds  & 
Northrop  Company,  4911  Stenton  Av¬ 
enue,  Philadelphia,  Pennsylvania. 

This  bridge  is  used  for  niea>uring 
phase  angle  of  small  (A.S.T.M.)  sam¬ 
ples  of  insulating  oil,  ceramics  and  other 
dielectrics;  for  calibrating  other  instru¬ 
ments  r  for  studying  specific  inductive  ca¬ 
pacity.  Measurements  arc  reproducible 
to  within  a  few  parts  per  million ;  settings 
are  constant  to  within  limits  imposed  by 
changes  in  ambient  temperature,  humid¬ 
ity,  etc. 

The  assembly  consists  of  a  Campbell- 
.Shackelton  Shielded  Ratio  Box  and  other 
a-c.  instruments  recently  developed  by 
the  Leeds  &  Northrop  Company.  Method 
of  assembly  and  shielding  of  leads  repre¬ 
sent  a  new  techniejue  which  is  an  im- 
jKirtant  contribution  to  the  usefulness  of 
these  types  of  instruments.  F'asily  used 
by  anyone  accustomed  to  precision  in¬ 
struments.  The  limit  of  error  in  capaci¬ 
tance  measurements  is  1  mf*/. — Elec¬ 
tronics. 


New  universal 
oscillograph 

A  NEW  INEXPENSIVE  oscillograpli  with 
a  variety  of  control  panels,  which  are 
easily  interchangeable  so  that  the  oscil¬ 
lograph  will  exactly  fit  field  or  indus¬ 
trial  and  laboratory  investigations  and  a 
wide  selection  of  galvanometers  for  pro¬ 
ducing  up  to  eight  records,  is  announced 
by  the  Westinghouse  Electric  &  Manu¬ 
facturing  Company.  Among  other 
features  1)  the  new  Type  P.\  Uni¬ 
versal  Oscillograph  offers  simultaneous 
viewing,  the  phenomena  can  be  viewed 
while  photographing,  2)  daylight  load¬ 
ing  holder  which  can  use  5,  10,  or  200 
ft.  of  5-in.  wide  film  or  paper,  and  ar¬ 
ranged  so  exposed  portion  can  be  cut 
off  at  any  time  desired  without  disturb¬ 
ing  supply,  3)  wide  range  of  film  speed 
by  variable  sjieed  motor,  4)  interchange¬ 
able  galvanometers  and  vibrators  and 
5)  automatic  type  \  cycle  starting  time. 
The  complete  oscillograph  with  controls 
e.xclusive  of  film-holder  measures  25  in. 
long  X  8T  in.  wide  x  9^  in.  high  and 
weighs  approximately  50  lb. 

The  main  case  has  an  upper  dust  tight 
optical  compartment  and  the  simul¬ 
taneous  viewing  is  built  in  so  that  it 


does  not  interfere  in  any  way  with  pho¬ 
tographing.  The  viewing  screen  con¬ 
sists  of  a  hooded  5-in.  square  screen. 
The  control  panels  are  mounted  in  a 
compartment  below  the  optical  compart¬ 
ment  and  are  easily  removable.  The  in¬ 
dustrial  and  laboratory  types  are  sup¬ 
plied  for  either  6  volts  D.C.  or  110  volts 
A.C.  or  D.C. — Electronics. 

230-volt  variacs 

Two  NEW  MODELS  of  the  popular  variac 
auto  transformer  for  use  providing  a 
continuous  variable  voltage  of  115  volt 


a.c.  circuit  are  announced  by  the  Gen¬ 
eral  Radio  Company,  30  State  Street, 
Cambridge,  Massachusetts.  They  are 
intended  for  use  on  230-volt  input  cir¬ 
cuits  and  deliver  output  voltages  con¬ 
tinuously  adjustable  from  0  to  270  volts, 
or  to  provide  output  voltages  from  0  to 
230  volts  with  slightly  higher  wattage 
ratings,  on  115-volt  circuits  to  deliver 
-output  voltages  from  0  to  270.  Dial 
readings  indicate  the  output  voltages 
with  an  accuracy  of  plus  or  minus  2%. 
Type  200-CMH  variac  mounted  model 
lists  at  $21.50  and  weighs  10  lb.,  while 
type  CUH  unmounted  and  intended  for 
behind  panel  mounting  lists  at  $18.50  and 
weighs  9  lb. — Electronics. 

■f 

Pre-amplifier  for 
ribbon  microphones 

Quiet  naturalness,  ruggedness,  dis¬ 
regard  for  weather  conditions,  and  low' 
feedback,  are  reasons  given  for  the 
velocity  microphone’s  gain  in  popular¬ 
ity.  A  battery-operated  pre-amplifier 
for  the  velocity  microphone  is  quite 
simple  to  build.  Changing  over  to  a-c 
operation,  how'ever,  brought  in  the  prob¬ 
lem  of  hum  elimination.  Without  con¬ 
siderable  experience,  it  is  quite  difficult 
to  build  a  humless  a-c  pre-amplifier. 
For  this  reason  the  Amperite  Corpora- 
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the  receiver  embcKlies  the  same  prin¬ 
ciples  of  construction  anil  operation  in¬ 
corporated  in  Western  Electric  radio 
systems  standard  on  all  large  transport 
planes. 

The  set  operates  with  earphones,  mak¬ 
ing  it  suitable  for  the  open  cockpit  as 
well  as  the  cabin  plane.  It  is  capable 
of  more  than  i  watt  output,  enough  to 
supply  several  e.xtra  sets  of  earphones. 
The  earphones  may  be  of  either  tlie  high 
or  low  impedance  type. — Electronics 


tion,  561  Broadway,  New  York  City,  is 
giving  velocity-microphone  users  the 
benefit  of  the  work  done  during  the  past 
two  years  on  a-c  pre-amplifiers  in  the 
Amperite  laboratories.  Its  new  pre¬ 
amplifier  model  APP  has  a  hum  level  of 
— 100  db.,  which  is  far  below  audibility. 
Its  gain  of  63  db.  brings  the  velocity  up 
to  a  level  of  — 10  db.  An  actual  meas¬ 
ured  frequency  response  test  showed  it 
to  cover  frequencies  of  40  to  10,000  cycle 
per  second  (±1  db.).  Two  6C6  and  one 
80  rectifier  tubes  are  used. — Electronics. 


Air-operated 
electric  spot  welders 

Electric  spot  welders  which  utilize 
air  pressure  for  closing  the  electrodes 
upon  the  work  have  recently  been  de¬ 
veloped  by  Charles  Eisler  of  the  Eisler 
Engineering  Co.,  768  So.  13th  St., 
Newark,  N.  J.  These  air-operated 
types  are  the  latest  addition  to  the 
line  of  foot-operated  and  motor-driven 
welders  manufactured  by  the  above  com¬ 
pany. 

Available  in  sizes  from  five  to 
seventy-five  K.V..-\..  and  capable  of  weld¬ 
ing  metals  up  to  .750  in.  in  thickness, 
these  new  air  operated  welders  because 
of  the  particular  design  of  the  air 


Supersensitive 
mercury  relay 

The  A.minco  Scperse.nsitive  Mercury 
Relay,  which  is  designed  for  use  with 
mercury  thermoregulators  and  other  de¬ 
vices  with  delicate  contacts,  has  lieen 
improved  by  redesign  of  the  suiK*rsensi- 
tive  element.  A  flexure  plate  has  been 
substituted  for  the  armature  pivot;  and 
the  improved  relay  can  be  changed  from 
"normally  open”  to  “normally  closed" 
by  merely  exchanging  the  position  of 
two  screws.  The  characteristics  of  the 
improved  relay  are  as  follows : 

Operating  current :  0.007  ampere,  at 
6  volts  d-c. 

Contacts:  mercury  tulie,  rated  at  10 
amjK*res  at  115  volts  a-c. 

Dimensions:  Diameter  of  base,  5J  in.; 
height,  in. 

The  relay  is  made  by  the  .\merican 
Instrument  Company,  Inc.,  774-776 
Girard  Street,  N.  \V.,  Washington. 
D.  C. — Electronics. 


High-fidelity  amplifier 

The  Pacent  Engineering  Corpora¬ 
tion,  of  79  Madison  Avenue,  New  York 
City,  announces  a  new  high-gain  high- 
fidelity  amplifier.  Although  designed 
primarily  for  theatre  use,  it  is  suitable 
for  public-address  work  and  other  spe¬ 
cial  applications. 

The  overall  dimensions  are  20  inches 
long,  17  inches  high  and  6  inches  deep. 
Shielding  is  complete,  the  layout  syste¬ 
matic,  and  construction  is  of  the  unit 
type,  w'ith  condensers  and  resistors 
grouped  in  units  in  separate  shield  cans 
and  sealed  with  wax.  Wiring  is  cabled 
and  covered  with  black  varnished  cam¬ 
bric  tubing.  The  amplifier  will  operate 
continuously  in  an  ambient  atmosphere 
of  120  degrees  and  a  humidity  of  98%. 
Auditorium  resonance  or  other  low  fre¬ 
quency  difficulties  may  be  reduced  by 
opening  several  links  in  the  circuit  de¬ 
signed  to  reduce  the  bass  response.  Fader 
or  volume  control,  range  control  (which 
adjusts  both  the  high  and  low  frequency 
response),  magnetic  pickup  switch,  line 
switch  and  pilot  light  are  all  located  con¬ 
veniently  on  the  front  panel.  Five  stand¬ 
ard  tubes  are  used,  and  total  output  of 
amplifier  is  23  w'atts,  although  manu¬ 
facturer  claims  only  10  watts  undistorted. 
The  gain  is  108  db.,  sufficient  to  operate 
directly  from  photo  cell  or  standard 
microphone.  When  operated  with  its 
associated  speaker  system,  the  overall 
response  is  said  to  be  flat  from  40  to 
10,000  cycles. — Electronics. 


cylinder,  require  a  very  small  volume  of  Color-matchcr 
air  for  their  efficient  and  economical 
operation.  Air  pressures  up  to  80 
pounds  are  used ;  the  pressure  depend¬ 
ing  upon  the  size  of  welder  used. 

The  use  of  air  operated  welders  not 
only  relieves  the  operator  of  supplying 
the  force  to  bring  the  electrodes  to¬ 
gether,  but  permits,  by  means  of  a  regu¬ 
lating  valve  in  the  supply  line,  exact 
regulation  of  electrode  pressure  upon 
the  work,  an  essential  factor  for  the  pro¬ 
duction  of  uniform  welds. — Electronics. 


The  M-R-H  Laboratories,  Dowagiac, 
Michigan,  announce  a  new  “colorim¬ 
eter,”  a  scientifically  designed  instru¬ 
ment  which  accurately  matches  or  com¬ 
pares  colors,  registering  variations  in¬ 
discernible  to  the  human  eye.  With  thi" 
device  it  is  possible  to  match  shade- 
lieyond  commercial  requirements.  Tin 
instrument  is  light  and  compact,  com¬ 
pletely  encased  in  Bakelite,  and  oper¬ 
ates  from  any  110  vol:  light  socket. 
Color  comparisons  are  made  very  simply 
— the  instrument  is  placed  over  the  sur¬ 
face  of  the  standard  color,  the  switch 
is  turned  on,  and  readings  are  taken. 
The  same  process  is  repeated  with  the 
color  which  is  to  match  the  original. — 
Electronics. 


Suppressor  catalog 

The  Erie  Resistor  Corporation  has 
recently  issued  a  four  page  bulletin  de¬ 
scribing  the  complete  line  of  Erie 
Suppressors  for  eliminating  high  ten¬ 
sion  ignition  interference  on  radio 
equipped  automobiles. 

It  includes  technical  data  on  the  elec¬ 
trical  characteristics  of  these  units  and 
discusses  the  results  of  recent  research 
which  shows  conclusively  a  definite  re¬ 
lationship  between  voltage  coefficient 
and  suppression  efficiency. 

Copies  of  this  bulletin  may  be  secured 
by  writing  the  Erie  Resistor  Corp., 
Erie,  Pa. — Electronics. 


Aviation  receiver 

Engineers  of  Bell  Telephone  Labora¬ 
tories  have  perfected  a  tiny  “double 
duty”  receiver  measuring  about  7i 
inches  each  way  and  weighing  11 
pounds  with  tubes  and  mounting,  which 
can  tune  in  equally  well  on  the  weather 
beacon  band  of  200  to  400  kilocycles  and 
the  commercial  broadcast  band  of  550  to 
1,500  kilocycles. 

The  set  is  a  superheterodyne  using 
only  three  tubes.  Its  sensitivity  is  such 
that  it  requires  only  a  short  antenna, 
suitable  to  the  small  scale  of  private 
planes.  Though  greatly  reduced  in  size. 


Cathode  ray 
oscillograph 

A  CATHODE  RAY  oscillcgraph  which  sell- 
for  $84.50  complete  with  tubes  has  bei  n 
announced  by  the  RCA  Parts  Division 
of  the  RCA  Manufacturing  Companv. 
Inc.,  Camden,  New  Jersey.  This  oscil¬ 
lograph  known  as  type  TMV-122-B  con¬ 
tains  two  power  supplies,  one  for  tlie 
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cathode  ray  tube  and  one  for  the  anipli- 
ticr,  separate  amplifiers  for  vertical  and 
horizontal  displacement,  and  a  saw-tooth 
frequency  generator. 

The  sensitivity  of  the  overall  system 
is  2  volts  d.c.  per  inch  for  either  vertical 
or  horizontal  deflection.  The  amplifiers 
have  flat  frequency  characteristics  be¬ 
tween  20  and  90,000  cycles  per  second 
within  10  per  cent.  The  instrument 
comes  mountetl  in  a  convenient  carrying 
rase  which  weighs  35  lb.  complete.  \ 
siwcial  control  is  provided  on  the  front 
panel  for  focusing  the  beam,  and  screw 
driver  adjustments  are  provided  in  the 
rear  for  centering  the  l)eam  both  verti¬ 
cally  and  horizontally.  Suggested  uses 
for  the  oscillograph  include  radio  set 
service,  manufacturing  control.  lalK)ra- 
tory  use,  and  amateur  and  exjierimental 
radio  transmission  monitoring. — lilec- 
tronics. 
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Coil  protectors 

.\  .NEW  MAGNET  and  coil  protector  put 
•  •n  the  market  by  Littelfuse  Laboratories, 
1772  Wilson  .\ve.,  Chicago,  makes  use 
of  neon  Tattelites  (potential  fuses) — 
which  arc  electronic  in  principle. 

The  new  magnet-protector  Tattelite 
l^  designed  to  prevent  insulation  break¬ 


downs  in  direct-current  magnets,  sole¬ 
noids,  shunt  and  compound-wound  mo¬ 
tors,  and  generators,  coils,  etc.,  due  to 
high-voltage  self-induced  surges,  which 
occur  when  the  circuit  is  suddenly 
opened.  Even  in  110- volt  service,  10,{X)() 
Volt  surges  are  not  uncommon. 

The  protector  is  connected  directly 
across  the  equipment  to  be  protected. 
It'  characteristics  are  such  that  no  cur¬ 
rent  flows  until  the  voltage  reaches  a 
dangerous  value;  it  then  suddenly  con¬ 
ducts  and  shunts  out  the  surge. — Elec- 
Ir,  nics. 


Now  copper  alloy 

Tie  metallurgical  engineering  de- 
pa:  ;ment  of  P.  R.  Mallory  &  Co.,  Inc., 
of  Indianapolis,  Indiana,  has  developed 
in  Mallory  3  Metal”  a  material  of  high 
electrical  conductivity,  great  mechanical 
strength  and  greatly  diversified  applica¬ 
tion. 

.Mallory  3  Metal  is  an  alloy  consist¬ 


ing  predominantly  of  copper  and  is  the 
equal  of  copper  in  coefficient  of  re¬ 
sistivity,  coefficient  of  e.xpansion,  mo¬ 
dulus  of  elasticity  and  corrosion  re¬ 
sistance.  The  electrical  conductivity  of 
Mallory  3  Metal  forgings  and  rods  is 
rated  at  80  to  85%  that  of  copper  or 
better.  Sand  castings  of  the  Mallory  3 
Metal  have  an  electrical  conductivity  of 
75  to  85%  that  of  forged  copper. 

Mallory  3  Metal  may  be  substituted, 
with  few  exceptions,  for  brass,  copper, 
bronze,  or  even  structural  steel.  It  has 
already  been  used  extensively  for  spot 
welding  tips,  flash  welding  dies  and 
seam  welding  wheels.  It  can  also  be 
used  as  scoreless  commutator  segments 
in  motors  and  generators,  overhead 
wire  for  electrical  railways,  telephone 
and  telegraph  service  as  its  great 
strength  will  resist  breakage  from  sleet 
and  wiml.  Its  high  heat  conductivity 
will  permit  its  use  under  heat  condi¬ 
tions  where  copper  softens,  such  as 
welding  wheels  and  tips,  and  hot  water 
heating  coils. — Electronics. 

■f 

Non-directional 

microphone 

.\  NEW  MKROl’MONE  of  the  Western 
Electric  Company  saw  public  light  for 
the  first  time  at  the  N.\B  convention. 
Colorado  Springs,  July  6th.  This  non- 
directional,  stream-lined  unit  is  a  prod¬ 
uct  of  the  Bell  Lalxiratories ;  it  is  useful 
over  the  audible  range  of  40  to  10,000 
cycles;  it  is  of  the  dynamic  or  moving 
coil  type ;  and  it  is  of  exceptional  small 
size.  .Actually  it  is  2^  inches  in  diameter. 
It  can  be  mounted  on  a  table,  on  a  floor 
j)edestal,  or  in  suspension  mounting.  It 
is  for  sale  through  the  Graybar  Electric 
company  in  the  United  States,  through 
Northern  Electric  in  Canada  and 
through  International  Standard  Electric 
Company  abroad. — Electronics. 


Low  resistance 
carbon  resistors 

.A  NEW  LINE  of  resistors  has  lieen  de¬ 
veloped  and  put  on  the  market  by  the. 
Ohio  Carbon  Company,  Lakewood. 
(3hio.  These  units  come  as  low  as  0.04 
ohms  in  power  ratings  from  one-quarter 
tvi  10  watts.  They  are  known  as  the  type 
LV  and  conform  to  the  same  standards 
of  load,  voltage,  life,  overload  and 
humidity  characteristics  already  set  by 
the  Company’s  regular  line  of  Ohiohm 
carbon  resistors  of  higher  ohmic  values. 
Laboratory  tests  show  that  these  “LV” 
units  will  react  satisfactorily  under 
humidity  conditions  much  more  severe 
than  those  specified  in  the  R.M.A.  tests. 

Special  attention  has  always  been 
given  to  this  “heat-humidity”  condition 


for  tropical  conditions  where  the  mois¬ 
ture  and  heat  of  the  rainy  season  are  ex 
ceptionally  severe. 

I'he  closeness  of  the  approximation  of 
carbon  to  pure  non-inductivity  is  gen¬ 
erally  recognized,  and  it  is  e.xpected  that 
the  unusual  stability  of  these  “LV”  units 
under  variations  of  climatic  conditions 
will  fill  a  <lecided  need. — Electronics. 


4 

High  resistance, 
carbonized  units 

Resistor  vai.ues  from  100  ohms  to  1(X) 
megohms  of  high  precision ;  long  life ; 
small  dimensions;  noise-free;  npn-reac- 
tive  are  available  from  Morrill  and  Mor¬ 
rill,  30  Church  street.  New  York.  These 
resistors  have  been  available  for  some 
time  but  the  virtues  of  the  very  high 
resi^tance  values  are  worth  noting.  They 
are  useful  in  phototube  circuits,  in  elec¬ 
tron  tube  amplifiers,  and  in  other  places 
where  freedom  from  noise,  and  freedom 
from  change  while  in  use  is  desirable. 
.Si)ecial  units  w  idely  used  for  meter  mul¬ 
tipliers  are  available  in  tolerances  of 
plus  or  minus  1  per  cent. — Electronics. 
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Resistance  manual 

The  new'Est  booklet  of  the  Wilbur  B. 
Driver  Company  is  one  of  interest  to 
engineers.  The  booklet  contains  a  num¬ 
ber  of  temperature  resistance  charts,  and 
tables  illustrating  the  characteristics  of 
the  different  types  of  “Tophet”  wire. 
Copies  may  be  had  by  writing  to  the 
main  office  of  the  Driver  organization 
at  Riverside  Avenue,  Newark,  New 
Jersey. — Electronics. 

> 

Non-inductive, 
oil-filled  condensers 

For  use  in  portable  and  aircraft  re¬ 
ceivers,  transceivers  and  transmitters 
and  in  high  fidelity  amplifiers,  Cornell- 
Dubilier  Corporation  of  4377  Bronx 
Blvd.,  New  York  City,  has  announced  a 
line  of  1000-volt  (d.c.)  condensers  which 
are  2  inches  high  and  1  inch  square. 
They  are  available  in  capacities  from 
0.05  to  0.5  mfd. — Electronics. 
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Electron  tubes  and 
apparatus 

Cathode  ray  system.  scanning  sys¬ 
tem  comprising  a  rectangular  screen  at 
an  angle  to  the  axis  of  the  electron  gnn 
and  magnetic  pole  pieces  arranged  to 
cause  the  electron  ray  to  scan  a  key¬ 
stone  area  over  a  plane  perpendicular 
to  the  axis.  A.  V.  Bedford,  K.C..\.  Xo. 
2,004,099. 

Modulated  oscillator.  A  grid  block¬ 
ing  type  of  oscillator,  the  anode  circuit 
jf  which  is  a  variable  impedance  which 
automatically  increases  in  absolute  value 
with  increase  in  frequency  causing  step- 
by-step  increase  in  the  total  anode  im¬ 
pedance  which  in  turn  reacts  on  the  grid 
circuit  to  effect  a  corresponding  control 
of  the  grid  blocking  action.  Ralph  Cole, 
Oceanport,  X’.  J.  Xo.  2,004,101. 

Light  ainplifier.  .-Kn  envelope  divided 
into  two  chambers,  one  being  a  high 
vacuum  and  the  other  a  gas  filled  cham¬ 
ber,  ati  electron  permeable  partition 
separating  the  chambers.  .\  photoelec¬ 
tric  element  i)ositioned  in  the  chamber  is 
subjected  to  a  high  vacuum,  and  a  volt¬ 
age  source  for  producing  flow  of  elec¬ 
trons  from  the  high  vacuum  to  the  gas 
filled  chamber  where  ionization  occurs, 
producing  a  magnified  effect  of  the  light 
initiating  the  photoelectron  stream.  Otto 
Schriever,  Telefunken.  Xo.  2,(K)4,177. 
See  also  Xo.  2,004,176,  Fritz  Schroter 
and  Otto  Schriever. 

Direct  coupled  amplifier.  .\n  en¬ 
velope  containing  triodes,  the  grid  ele¬ 
ment  of  one  being  connected  to  the 
electron  emission  element  of  another. 
Fred  B.  MacLaren,  Revelation  Patents 
Holding  Co.  26  claims.  .Application 
date  Dec.  16.  1929.  Xo.  2,002,207. 

Tube  tester.  An  assembly  of  sockets, 
method  of  supplying  adju.stable  voltage 
to  the  filament  terminals,  network  to 
supply  several  testing  voltages,  etc. 
J.  R.  Williams,  .Apparatus  Design  Co.. 
Little  Rock,  Ark.  Xo.  2.(K)2.425. 

Tube  tester.  Method  of  changing  the 
plate  potential  and  showing  the  differ¬ 
ence  in  plate  current  as  a  means  of  in¬ 
dicating  the  condition  of  the  tube.  R.  L. 
Triplett,  Bluffton,  Ohio.  Xo.  2.001.945. 

Cathode  ray  tube.  .A  means  of  pro¬ 
ducing  a  concentrated  electron  ray  pen¬ 
cil.  Fritz  Michelssen  and  Johann  Rich¬ 
ter,  Telefunken.  No.  2,003,301. 

A-c  generator.  Ion  valves  for  produc¬ 
ing  a-c  comprising  a  cathode,  several 
working  anodes,  control  grids,  etc.  K.  R. 
Eriksson  and  Uno  Lamm,  .Sweden.  Xo. 
2,005,458. 

Secondary  emission  tube.  .A  photo¬ 
electric  device  comprising  a  primary 
cathode  to  emit  electrons  when  sub¬ 
jected  to  illumination  and  a  secondary 
cathode  to  emit  secondary  electrons 
when  electrons  from  the  primary 
cathode  impinge  thereon.  W.  F.  Ted- 
ham,  E&MI,  Ltd.  No.  2,005,059. 

Secondary  emission  tube.  In  a 
vacuum  tube  circuit  having  a  control 
electrode  capable  of  emitting  secondary 
electrons,  an  anode  and  means  for  ap¬ 
plying  a  positive  biasing  potential  to  the 


electrode  such  that  the  rate  of  change  of 
current  to  it  and  the  rate  of  change  of 
secondary  current  drawn  from  it  with 
changes  of  potential  are  substantially 
equal.  F.  E.  Terman,  Stanford  l*ni- 
versity.  Xo.  2,000,304.  See  also  Xo. 
2,000,673  to  F.  E.  Terman,  Wired  Radit*. 
Inc.,  on  a  voltage  reducing  electron  tube. 

Phototube.  .A  tube  with  several  col¬ 
lecting  electrodes  maintained  at  inde¬ 
pendent  potentials.  T.  H.  Long,  W.K.ft 
M.  Co.  Xo.  2,(K)0.705. 

Light  sensitive  tube.  l’roces>  of  man¬ 
ufacturing  a  carrier  provided  with  a 
light-sensitive  metal  salt,  comprising  the 
steps  of  providing  the  carrier  with  a 
layer  of  an  agglutinant  and  depositing 
the  light-sensitive  metal  salt  from  its 
vapor  phase  on  said  agglutinant  layer. 
I.  H.  de  Boer  and  C.  I.  Dippel.  Philips. 
Xo.  1,999,088. 

Radio  circuits 


Oscillator  circuits.  etc.  Several 
patents  to  1’.  ().  Farnham,  R.C..A.,  on 
an  oscillator  circuit,  automatic  volume 


control,  etc.  Xo.  2  001,413;  2,001.694; 
2,001,695  ;  2,003,110. 

Directional  ssrstem.  Three-dimen¬ 
sioned  radio  cjirection  finder.  J.  W. 
Greig,  Detroit,  Mich.  Xo.  2,003,932  and 
2,003,933. 

Antenna  system  Xo.  2,002,197  to 
Norman  Wells,  R.C..A. 

Directional  receiving  system.  B.  J. 
Chromy,  Hopkins,  Minn.  Xo.  2,002.430. 

Directional  receiver,  Walter  Kuhle- 
wind,  Telefunken.  No.  2.003.372. 

Position  controlling  device.  A  volutne 
preventing  overshooting  of  the  re¬ 
level  recorder  comprising  apparatus  for 
corder.  E.  C.  Wente,  B.T.L..  Inc.  Xo. 
2.003.913. 


Antenna  system.  .Adapted  to  radiate 
chiefly  in  the  dircctit>n  of  its  length, 
comprising  a  straight,  linear,  vertical 
aerial  having  an  electrical  length  ap¬ 
proximately  equal  to  an  even  multiple 
of  a  half  wave,  and  loaded  uniformly  at 
suhstantially  regular  intervals  through¬ 
out  its  length  with  capacities  arranged 
at  right  angles  to  the  length  of  the 
aerial,  with  at  least  eight  capacities  per 
wave  lengh.  H.  I.  Round,  R.C..A.  Xo. 
2.(K)5,8(t5. 

Centralized  radio.  Selector  sy.stem  to 
enable  (>ne  of  several  subscribers  to  |)ick 
up  one  of  several  programs.  B.  Iv 
Nloritz,  Jr.,  K.G..M.  Radio  Corp.,  Den¬ 
ver.  Xo.  2,(IOf),077. 

Multiplex  system.  Frequency  multi¬ 
pliers,  a  master  time  peritxl  device,  beat¬ 
ing  oscillator,  etc.  G.  .A.  Mathieu  and 
().  S.  Ruckle,  R.G.A.  Xo.  2.065.795. 

Oscillation  generator.  .A  tube  with  an 
elongated  anode  several  half  wave 
lengths  long  at  the  operating  fre(|uency 
sectionalized  into  ehmgated  sections,  the 
sections  of  the  anode  being  relatively 
close  to  increase  mutual  inductance  and 
means  ft>r  producing  standing  waves  on 
said  eh>ngated  sections  out  of  phase  with 
respect  to  each  other.  X.  E.  Linden- 
blad,  R.G.A.  Xo.  2.(M»5.793. 

Multiplex  receiver.  In  a  coinmunica 
tion  system,  the  combination  with  a 
Wheatsti>ne  bridge  having  four  branches 
of  an  in))ut  circuit  conductively  con¬ 
nected  in  i)arallel  with  one  of  the 
branches,  this  input  circuit  changing  the 
etlective  impedance  of  the  one  branch 
and  the  outjnit  circuit  is  connected  ef¬ 
fectively  to  the  diagonal  of  the  bridge 
R.  E.  Mathes,  R.C'..A.  Reissue  Xt>. 
1 9.t)20. 


Amplification,  detection,  etc. 

Filter.  Riezo  electric  bandpass  ar¬ 
rangement.  C.  W.  Hansell.  R.C..A.  Xo 
2.(K)1.387.  2.005.083  and  2.005.084. 

Radio  time  control.  Rower  supplv 
system  and  means  for  automaticallx 
tuning  receiver  to  a  particular  station 
at  a  particular  time.  .A.  M.  Nichol¬ 
son,  t'ommunication  Ratents,  Inc.  Xo. 
2.005,158. 

Output  measuring  device.  In  a  radio 
testing  system  for  measuring  the  audio 
frequency  energy  in  the  output  circuit 
a  meter  of  high  sensitivity,  combined 
with  a  rectifier.  Floyd  Fausctt,  Sn 
preme  Instruments  Corp.  Xo.  2,005,138 

Magnetic  testing.  Rrimary  and  sec 
ondary  coils  and  filtering  means  in  tin 
circuit  of  the  secondary  coil  for  inter 
cepting  the  fundamental  component  ot 
current  in  the  secondary  and  a  separate 
filter  to  pass  only  a  single  selected  har¬ 
monic  component  of  the  .secondary  cur 
rent.  Sigfrid  Specht.  I'errous  Mag 
netic  (  or)).  Xo.  2,005,011. 

Oscillation  generator.  Regenerati\> 
oscillation  generator  circuit  of  high  in 
ternal  resistance  with  a  tuned  circuit 
between  anode  and  screen  grid.  Her¬ 
bert  Muth  and  Wilhelm  Runge.  Teh- 
funken,  Germany.  Xo.  2,004,171. 

Phase  modulating  circuit.  For  ei- 
fecting  modulation  of  this  type  on  a 
transmitting  carrier.  I.  Osawa,  Tokyo. 
Japan.  Xo.  2.001,107. 

Pretuning.  Method  of  automatically 
tuning  several  stages  of  a  t-r-f  type  of 
receiver.  H.  M.  Lewis,  R.C..A.  X  >. 
2,001,146. 
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Interstage  coupling.  A  transformer 
with  a  resistance  in  series  with  the 
primary  winding,  the  resistance  having 
a  value  e(|ual  to  the  surge  impedance  of 
the  primary  winding  regarded  as  a 
transmission  line,  the  secondary  of  the 
transformer  being  resonant  at  a  rela¬ 
tively  short  natural  wave  length,  the 
transformer  as  a  whole  passing  all  fre- 
t|uencies  below  a  certain  frecpiency  at 
which  the  primary  winding  has  an  elec¬ 
trical  length  of  one  wave  length.  Klaas 
I’osthumus,  K.C.A.  No.  2,002,187. 

Power  supply  circuit.  I’se  of  a  double 
aimde  double  cathode  tube,  tbe  anode- 
connected  in  a  parallel,  and  each  cathode 


-upplying  a  separate  load  circuit,  fi»r 
example,  the  loud  speaker  on  t>ne 
cathode  and  the  amplifier  tube  on  an¬ 
other.  1'.  H.  Kngel,  K.C..\.  No. 
2.(M)2.24.k 

One  tube  radioreceiver.  I’se  of  a 
pentode-triode  tube  in  a  regenerative 


t-r-f  set.  W.  R.  Koch, 
2,005,789. 

R.C.A. 

N’o. 

Frequency  multiplier. 

.A  tube 

ar- 

ranged  for  ultra  high  fre(|uency  opera- 

tion.  C.  W.  Hansell, 
2.005.782. 

R.C.A. 

Xo. 

Heterodyne  receiver. 

Circuit 

for 

getting  rid  of  undesired  signal  image 
fretpiencies.  H.  Chireix,  Paris,  France. 
N’o.  2.(M)5,772. 

Directive  aerial.  Short  wave  antenna 
system  comprising  a  vertical  antenna 
and  a  horizontal  conductor  unsym- 
•••  trically  coupled  thereto.  Albrecht 
fJothe,  Telefunken,  Herlin.  N’o.  2,0()5,77b. 

A-c  supply.  Circuit  showing  a  heater 
type  of  tube  in  which  a  resistance  ele¬ 
ment  (heater)  is  fed  from  the  secondary 
of  an  a-c  transformer,  the  center  of 
which  goes  to  the  cathode.  .Application 
date  June  1,  1926,  10  claims.  E.  L. 
Koch,  Kellogg  Switchboard  &  .Supply 
Co.  N’o.  2,0()7.7f>4. 

Feedback  arrangement.  A  negative 
feedback  amplifier  of  the  type  recently 
described  by  Bell  Laboratories  engineers 
in  Electrical  Engineering.  H.  S.  Black, 
B.T.L.,  Inc.  No.  2,007,172. 

Cascade  amplifier.  .Amplifier  of  three 
'»r  more  stages  comprising  two  anode 
current  sources  independent  of  each 


other,  the  anode  of  the  odd  stages  con¬ 
nected  to  one  source  of  supply  while 
the  anodes  of  the  even  stages  are  con¬ 
nected  to  the  second  source  of  supply. 
M.  von  .Ardenne,  I).  .S.  Loewe,  Berlin. 
No.  2,007,624. 

Frequency  meter.  .An  independent 
source  of  periodic  current,  a  synchronous 
motor,  means  for  supplying  the  losses 
of  the  motor  including  an  amplifier  con¬ 
trolled  by  cooperation  with  a  movable 
element  on  the  synchronous  motor  and 


by  the  independent  source  of  i)eriodic 
current  whereby  the  motor  may  be  oper¬ 
ated  in  synchronism  with  the  fre«|uency 
of  the  source  without  drawing  sub¬ 
stantial  power  from  it.  L.  J.  Wolf. 
WE&M  Co.  N’o.  2,006,935. 

Series  oscillator.  Method  of  connect¬ 
ing  several  oscillators  in  series  with  each 
»)ther  and  with  the  power  supply  circuit. 
.A.  Nyman,  R.C..A.  N’o.  2,006,872. 

Multi-grid  amplifier.  .A  four-grid  tube 
ct>nnected  in  a  conventional  circuit  ex¬ 
cept  that  the  output  of  the  diode  de¬ 
tector  is  impressed  on  a  grid  situated 


r-  /• 


next  to  the  anode.  Karl  Steimel  and 
E.  Klotz,  Telefunken,  Berlin.  N’o. 
2.(K)().969. 

Modulation  system.  A’ariable  con¬ 
denser  is  rotated  by  a  motor.  There  are 
two  .sets  of  stator  plates,  one  connected 
to  an  inductance  and  the  other  to  a  ca¬ 
pacity.  which  are  then  connected  to  a 


control  grid  of  the  circuit  to  be  modu¬ 
lated.  Ci.  L.  I’sselman,  R.C..A.  N’o. 
2,(H)7.099. 

Frequency  division.  Several  tubes  in 
polyphase  relationship  to  which  is  ap¬ 
plied  a  single  phase  current  and  from 


which  derived  a  polyphase  current  hav¬ 
ing  a  frequency  which  is  a  sub-multiple 
of  the  impressed  frequency.  W.  F. 
Curtis,  Washington,  D.  C.  N’o.  2,006,346. 

Rectifier.  Circuit  using  grid-control 
rectifier  in  a  full  wave  circuit.  The 
output  is  taken  from  the  center  of  the 
plate  transformer  and  the  cathode.  Be¬ 
tween  the  center  of  the  plate  trans¬ 
former  and  the  grid  is  a  condenser  and 
between  the  two  grids  and  the  cathode 
is  an  inductance  in  series  with  a  re¬ 
sistance.  G.  B.  Hagen,  Telefunken, 
(iermany.  No.  2,006,806. 

Patent  suits 

1,382,738,  M.  C.  Latour,  .Amplifying 
apparatus;  1,405,523,  same,  .Audion  or 
lamp  relay  or  amplifying  apparatus,  filed 
.May  9,  1935,  D.  C,  E.  D.  N.  Y..  Doc. 
E  7616,  Latour  Corp.  v.  Busch’s  Jewelry 
Co..  Inc.,  et  al.  Same,  filed  May  4,  1935, 
1).  C.,  S.  D.  N.  Y.,  Doc.  E  80/193,  La¬ 
tour  Corp.  V.  Chevrolet  Motor  Co.  et  al. 

1./13.726,  H.  Vogt  et  al.,  Device  for 
phonographs  with  linear  phonogram 
carriers,  1).  C.,  Del.,  Doc.  E.  923,  Amer¬ 
ican  Tri- Ergon  Corp.  et  al.  v.  Electrical 
Research  Products,  Inc.  Doc.  E  924, 
American  Tri-Ergon  Corp.  et  al.  v. 
R.  C.  -A.  Fhotophone.  Inc.  Dismissed 
-Apr.  24,  1935,  in  each  of  above  cases. 
Doc.  E  1081,  -American  Tri-Ergon  Corv). 
et  al.  V.  Loew's,  Inc.,  et  al.  Doc.  E 
1082.  .American  Tri- Ergon  Corp.  et  al. 
V.  Warner  Bros.  Pictures,  Inc.  Dis¬ 
missed  .Apr.  26.  1935,  in  each  of  above 
cases. 

1,405,523.  M.  C.  Latour,  -Audion  or 
lamp  relav  or  amplifving  apparatus,  filed 
-May  4.  l'935,  1).  C.,'  S.  D.  N.  Y.,  Doc. 
E  80/191,  Latour  (jorp.  v.  Sears,  Roe¬ 
buck  it  Co..  Inc. 

1,297,188.  I.  Lang:nuir,  System  for 
amplifying  variable  currents:  Re.  18,579. 
Ballantine  it  Hull.  Demodulator  and 
method  of  demodulation:  1,573,374,  P.  A. 
Chamberlain.  Radio  condenser ;  1.618.017, 
F.  Lowenstein,  Wireless  telegraph  ap¬ 
paratus:  1.707.617.  1.795.214.  E.  W.  Kel¬ 
logg,  Sound  reproducing  apparatus; 

I. 894.197.  Rice  it  Kellogg,  same,  filed 
Apr.  16.  1935.  D.  C..  S.  D.  N.  Y.,  Doc. 
E  80/143,  Radio  Corp.  of  .America  et  al. 
V.  Lenox  Equipment  Co..  Inc.,  et  al. 

1.507,016,  L.  deForest;  1,507,017,  same; 
D.  C..  S.  1).  N.  A’..  Doc.  E  79/339. 
R.  C.  -A.  et  al.  v.  Fox  Radio  Corp.  et  al. 
Decree  pro  confesso  for  plaintiff  (notice 
Apr.  17,  1935). 

1.307,510.  -A.  M.  N’icolson,  Thermionic 
translating  device:  1.354.939.  H.  D.  .Ar¬ 
nold.  Vacuum  tube  device;  1,479.778, 
H.  J.  Van  der  Bijl,  same;  1.893,466.  R.  F. 
Gowen.  .Audion  construction,  filed  .Apr. 

II,  1935,  D.  C..  E.  D.  N.  Y.,  Doc.  E 
7572.  Radio  Corp.  of  .America  et  al.  v. 
Amperex  Electronic  Products,  Inc.,  etal. 

1.852.710,  L.  .A.  Hazeltine,  .Antenna 
coupling  system:  1,913.604,  W.  .A.  Mac¬ 
Donald.  Wave  signaling  svstem,  filed 
May  9.  1935.  D.  C..  E.  D.  N.  Y..  Doc.  E 
7615.  Hazeltine  Corp.  v.  Busch’s  Jew¬ 
elry  Co..  Inc.,  et  al. 

1.879.863,  H.  A.  Wheeler.  Volume  con¬ 
trol:  1.951.685,  same.  Peak  detector,  filed 
May  4.  1935,  D.  C..  S.  D.  N.  Y..  Doc. 
F'  80/192.  Hazeltine  Corp.  v.  Chevrolet 
Motor  Co.  et  al. 

1,755,11  4.  L.  -A.  Hazeltine,  Unicontrol 
signaling  system;  1,755.115.  same.  Va¬ 
riable  condenser,  filed  Mav  4.  1935,  D. 
C.  S.  D.  N  .Y..  Doc.  E  80/195,  Hazel¬ 
tine  Corp.  v.  Chevrolet  Motor  Co.  et  al. 


I'XKCTROXICS  —  August,  1935 


267 


BRITISH  PATENTS 

British  patents  are  important  to  American  readers  because  these 
disclosures  often  forecast  corresponding  U.  S.  patents 
which  may  not  be  issued  until  a  year  later. 


Radio  circuits 

Modulation.  Small  amounts  of  energy 
from  the  output  circuit  of  a  carrier  wave 
amplifier  are  applied  in  the  anode  cir¬ 
cuit  of  a  triode  rectifier,  the  grid  of 
which  is  coupled  to  the  modulating 
source.  Marconi  Co.,  J.  L.  Finch.  No. 
421,504. 

Detector  oscillator.  A  hexode  tube 
for  a  superheterodyne  to  w'hich  signals 
are  applied  between  the  cathode  and  first 
grid,  the  second  grid  being  grounded, 
the  third  and  fourth  grids  being  coupled 
over  a  tuned  circuit  to  produce  local  os¬ 
cillations.  Telefunken.  No.  422,029. 

Anti-coupling  circuit  Coupling  be¬ 
tween  the  input  and  output  of  a  high 
frequency  amplifier  is  reduced  by  a  high- 
frequency  connection  from  the  side  of 
the  output  impedance  remote  from  the 
anode  to  an  auxiliary  grid  so  that  the 
part  of  this  connection  which  is  common 
with  the  connection  of  this  grid  to  the 
cathode  is  of  low  impedance.  Philips. 
No.  422,310. 

Rejector  circuit.  In  a  superheterodyne, 
energy  of  frequency  near  that  of  the  in¬ 
termediate  frequency  is  prevented  from 
reaching  the  first  detector  by  a  series 
resonance  circuit  connected  across  an¬ 
tenna  and  ground.  Telefunken.  No. 
422,312. 

Gain  control.  To  obtain  a  sharp 
change  in  the  a-c  output  of  a  tube  as 
the  input  rises  above  and  falls  below  a 
predetermined  value,  rectifying  means 
are  provided  energized  by  the  output  of 
the  tube  to  provide  a  voltage  which  is 
used  wholly  or  in  part  as  the  whole  or 
part  of  the  grid  bias  of  the  tube.  Mar¬ 
coni  Co.  No.  422,477. 

Distortion  compensation.  Distortion 
due  to  a  curved  operating  characteristic 
is  eliminated  by  injecting  into  the  ampli¬ 
fier  input  an  auxiliary  frequency  higher 
than  the  highest  working  frequency  and 
of  small  amplitude  compared  with  the 
curvature  of  the  characteristic.  This 
amplified  control  frequency  is  utilized 
to  correct  the  curvilinear  distortion. 
Siemens  &  Halske.  No.  421,516. 

Muting  system.  An  amplifier  is  fol¬ 
lowed  by  a  diode  detector  which  is  dis¬ 
abled  when  signals  of  below  a  predeter¬ 
mined  intensity  are  received,  the  cathode 


of  the  diode  being  connected  to  the 
cathode  circuit  of  the  amplifier  whereby 
a  change  in  the  internal  impedance  of 
the  amplifier,  determined  by  the  incom¬ 
ing  signal,  controls  the  release  of  the 
detector.  E.  K.  Cole.  No.  422,858. 


Superheterodyne.  A  super-regenera¬ 
tive  stage  precedes  the  frequency  chang¬ 
ing  stage.  In  one  circuit  the  quenching 
oscillations  for  the  super-regenerative 


I 


stage  and  the  local  oscillations  for  fre¬ 
quency  changing  are  generated  sepa¬ 
rately.  Marconi  Co.  No.  422,866. 

Frequency  doubling.  In  a  radio  re¬ 
ceiver  in  which  the  carrier  frequency  of 
a  modulated  wave  is  doubled,  the  modu¬ 
lation  frequency  remaining  unaltered  in 
order  to  increase  selectivity  by  halving 
the  percentage  width  of  the  side-band, 
the  carrier  is  first  heterodyned  so  that 
the  frequency-doubling  takes  place  at  a 
medium  or  low  frequency.  P.  A.  Le¬ 
blanc,  France.  No.  422,973. 

A-v-c.  The  control  tube  has  two  grids 
positioned  between  the  normal  control 
grid  and  the  cathode.  These  two  addi¬ 
tional  grids  are  preferably  coplanar  and 
one  of  them  is  biassed  positively  while 
the  other  has  negative  gain  controlling 


potentials  applied  thereto  from  the 
anode  impedance  of  a  tube  amplifying 
the  d-c  output  of  a  gain  control  recti¬ 
fier.  K.  C.  Black,  Marconi  Co.  No. 
423,389. 

Short  wave  transmitter.  A  tuned  cir¬ 
cuit  for  use  on  wavelengths  of  the  or¬ 
der  of  one  meter  comprises  a  pair  of 
Lecher  wires  of  an  electrical  length  of 
half  a  wavelength  provided  with  con¬ 
ductive  plates  in  electrostatic  associa¬ 
tion  with  one  another  and  positioned  at 
or  near  points  of  maximum  voltage  or 
zero  current.  Marconi  Co.  No.  421,616. 

Automatic  volume  control.  Noise 
suppressing  circuit  in  which  the  noise 
suppressing  means  are  rendered  in  an 
unstable  condition  so  that  the  control 
progresses  to  produce  maximum  suppres¬ 
sion  or  maximum  output  depending  on 
the  signal  strength.  This  is  achieved  by 
rendering  the  delay  voltage  on  the  gain 


control  rectifier  dependent  upon  the 
muting  current.  Plessey  Co.,  Ltd.  No. 
422,284. 

Noise  suppressor.  In  a  receiver  having 
a-v-c  an  amplifying  tube  is  positively 
biassed  to  a  condition  of  low  stage  gain, 
and  superimposed  on  the  grid  is  a  nega¬ 


tive  bias  derived  from  rectification  of  the 
amplified  signal.  Murphy  Radio,  Ltd 
No.  423,194. 

D3matron  oscillator.  The  oscillator  is 
operated  for  starting  purposes  with  a 
positive  potential  on  its  plate  or  on  an 
auxiliary  outer  grid,  and  a  negative  po¬ 
tential  is  substituted  therefor  after  the 
oscillation  has  started.  Marconi  Co.  and 
E.  B.  Moullin.  No.  423,044. 

Short  wave  receiver.  A  frequency 
changing  stage  in  which  the  received  sig¬ 
nals  are  applied  to  the  anode  of  the  tube 
while  local  oscillations  of  longer  wave¬ 
length  are  applied  to  the  grid,  the 
anode  potential  being  adjusted  so  that 
rectification  occurs  in  the  anode  circuit 
Marconi  Co.  and  E.  B.  Gill.  No.  423,189. 

Television 

Color  system.  Light  filters  are  mounted 
in  a  moving  slot.  The  slot  is  in  a  rotat¬ 
ing  disc  which  moves  over  another  slot 
in  a  mask  to  form  an  effective  scanning 
aperture  cooperating  with  a  rotating 
mirror  drum.  The  number  of  filters 
corresponds  with  the  number  of  com¬ 
ponent  colors  and  the  disc  holding  the 
filter  performs  a  single  revolution,  while 
the  scanning-drum  performs  the  number 
of  revolutions  •  corresponding  to  the 
number  of  component  colors.  J.  L. 
Baird.  No.  418,527. 

Curvature  distortion.  A  method  of 
neutralizing  the  light-intensity  grid- 
voltage  characteristic  of  a  cathode-ray 
tube  by  means  of  a  thermionic  tube 
which  produces  an  equal  and  opposite 
distortion  at  the  transmitter  or  receiver 
or  both.  For  example,  when  the  char¬ 
acteristic  is  such  that  contrast  is  en¬ 
hanced  in  the  bright  parts  of  a  picture 
and  depressed  in  the  dark  parts,  modu¬ 
lated  carrier  current  may  be  applied  to 
a  grid-leak  rectifier  whose  screen  grid 
carries  a  lower  potential  than  usual 
while  its  anode  resistance  is  connected 
to  the  cathode-ray  tube  in  such  manner 
that  the  brightness-distortion  due  to  one 
tube  compensates  that  due  to  the  sec¬ 
ond  tube.  E&MI,  Ltd.  No.  420,065. 

Scanning  system.  Intermeshed  lines 
are  scanned  successively,  the  wave  form 
representing  the  frame  component  re¬ 
peating  itself  at  frame  frequency,  and 
the  wave  form  representing  the  line  com¬ 
ponent  repeating  itself  at  the  line  fre¬ 
quency  as  usual.  The  number  of  lines 
scanned  during  each  repetition  of  the 
frame  component  is  a  whole  number 
plus  a  fraction,  which  is  the  reciprocal 
of  the  number  of  repetitions  of  the  frame 
component  necessary  for  a  complete 
scanning.  Marconi  Co.  No.  420,391. 
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